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Among  the  manufactures  of  Great  Britain,  that  of  iron  has 
recently  risen  to  a  magnitude  which  entitles  it  to  rank  as  the 
most  important,  both  as  regards  the  value  of  the  products,  and 
the  direct  bearing  they  have  on  the  progress  of  'civilization  and 
commerce.  Iron  is  a  metal  comparatively  unknown  in  imcivilized 
districts,  and  it  is  worthy  of  remark  that  the  production  and  con- 
sumption of  this  metal  in  proportion  to  the  population  is  highest 
in  nations  excelling  in  commerce  and  the  mechanic  arts,  and 
declining  as  we  descend  the  scale  of  civilization,  imtil,  arriving  at 
the  lowest  degree  of  intelligence  displayed  by  the  human  race,  it 
is  entirely  wanting.  The  ores  of  iron  are  extensively  disseminated 
throughout  the  globe,  but  their  conversion  in  large  quantities  into 
metallic  iron  is  limited  to  a  few  of  the  more  advanced  European 
nations  and  the  Anglo-Saxon  population  of  America.  The 
presence  of  apparently  inexhaustible  supplies  of  ores,  obtained 
with  the  greatest  facility,  and  yielding  irons  of  the  finest  descrip- 
tion, immediately  contiguous  to  vast  deposits  of  mineral  fiiel 
peculiarly  adapted  for  their  reduction,  has  resulted  in  an  extraor- 
dinary development  of  this  manufacture  in  Great  Britain.  At  the 
present  day,  the  annual  production  of  three  of  the  principal  dis- 
tricts of  the  United  Kingdom,  viz.  South  Wales,  South  Staflfbrd- 
shire,  and  Scotland,  considerably  exceeds  the  collective  production 
of  all  other  nations.  The  importance  of  this  branch  of  metallurgi- 
cal industry  to  the  conmiercial  prosperity  of  the  kingdom  may  be 
inferred  from  the  circumstance,  that,  while  the  home  consumption 
in  foundries  and  manufactories  absorbs  one-half  of  the  production, 
the  quantity  exported  is  scarcely  inferior  to  the  gross  produce  of 
all  other  nations,  a  fact  which  shows  a  high  state  of  mechanical 
science  and  the  attainment  of  a  degree  of  perfection  far  beyond 
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that  common  in  other  countries.  The  production  of  crude  iron 
during  the  year  (1854)  exceeded  3^  millions  of  tons ;  and  the  pro- 
duction of  malleable  iron  amounted  to  nearly  2  millions  of  tons ; 
value  in  the  manufactured  form,  at  current  prices,  25  millions ;  the 
number  of  operatives  employed  in  the  manufacture,  including 
those  engaged  in  the  operations  of  quarrying  and  mining  the  ore, 
was  238,000 ;  and  in  giving  motion  to  the  various  machines,  and 
blowing  the  various  fiunaces,  2120  steam-engines  of  an  aggregate 
power  of  242.000  horses  were  employed. 

On  a  manufacture  of  such  magnitude  and  importance  there 
exists  no  special  treatise  beyond  the  one  entitled  "  Mushet's  Papers 
on  Iron  and  Steel,"  originally  published  more  than  half  a  century 
ago,  when  the  annual  production  scarcely  reached  100,000  tons, 
and  these  are  cdbfined  to  a  consideration  of  the  then  known  facts 
relating  to  the  production  of  crude  iron.  In  later  years  papers  on 
subjects  connected  with  the  manufacture  have  appeared  in  various 
journals,  but  their  scientific  value  is  considerably  lessened  either 
through  their  antique  bearings,  or  the  theoretical  views  and 
evident  bias  of  the  writers  in  favour  of  particular  processes  and 
patented  inventions.  This  paucity  of  reliable  information  on  the 
principles  involved  in  the  various  processes  of  the  manufacture, 
has  principally  arisen  from  the  disinclination  to  communicate  their 
experience  so  generally  manifested  by  parties  practically  acquaint- 
ed with  the  subject,  but  partially,  also,  from  the  inability  of  those 
otherwise  competent  and  disposed  to  undertake  the  task  to  illus- 
trate their  work  by  the  requisite  drawings.  In  submitting  the 
following  pages,  the  author  deems  an  apology  unnecessary — ^the 
general  want  of  a  comprehensive  work  on  the  subject  is  too  well 
known  to  require  comment;  the  facts  and  observations  put 
forward  are  founded  on  the  results  of  nearly  seventeen  years  of 
practice,  and  comprise,  in  addition  to  descriptive  details  of  the 
furnaces  and  machines  employed,  and  the  various  operations  inci- 
dental to  the  manufacture  of  iron  in  a  large  way,  theoretical 
analyses  of  the  causes  contributing  to  the  economical  production  of 
the  various  qualities  of  crude  and  malleable  iron  from  diflferent 
descriptions  of  ores  imder  dissimilar  modes  of  treatment — ^the 
object  being  the  dissemination  of  correct  information  on  the  points 
of  greatest  importance. 

The  remarks  on  the  hot-blast  system,  and  the  ponclusions 
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drawn  relative  to  the  effect  so  commonly  ascribed  to  the  applica- 
tion of  this  invention  being  due  to  causes  other  than  the  mere 
heating,  though  given  after  mature  consideration,  and  an  attentive 
examination  of  the  results  produced  on  different  furnaces,  are  at 
variance  with  received  opinions  on  this  subject,  and  may  lead  the 
reader  to  the  inference  that  their  purpose  is  other  than  to  convey 
correct  ideas  on  a  veiy  important  department  of  the  manufactura 
la  arriving,  however,  at  just  conclusions,  it  will  be  remembered 
that  while  the  surprising  economy  of  the  hot-blast  in  certain  dis- 
tricts  previously  using  very  large  quantities  of  coal  is  freely  ad- 
mitted, the  reason  given  by  writers  generally  of  its  superiority, 
^^  that  the  heated  blast  is  better  fitted  for  supporting  combustion," 
is  altogether  untenable.  It  does  not  accoimt  for  the  heat  yielded 
by  the  combustion  of  a  given  quantity  of  coal  in  the  stove  grates 
being  so  much  superior  to  that  developed  by  a  similar  quantity 
consumed  in  the  fiimace;  it  does  not  account  for  the  inability  of 
the  heated  blast  to  economise  fdel  in  heavily-burdened  charcoal 
furnaces;  it  is  insufficient  to  account  for  tiie  variation  in  the  result^ 
obtained  with  different  coals  in  similarly  formed  fomaces,  and  the 
dissimilar  effects  observed  with  the  same  fuel  in  differently  shaped 
furnaces ;  neither  does  it  explain  the  reason  why  the  beneficial 
effects  of  heated  air  on  combustion  should  be  confined  to  blast 
fdmaces,  nor  for  the  cold  blast  being  for  a  limited  period  superior 
to  the  hot  when  introduced  into  hot-blast  furnaces. 

The  remarks  on  the  withdrawal  of  the  gases  from  blast  fur- 
naces and  their  subsequent  combustion  may  also  lead  to  similar 
misapprehension,  and  the  inference  be  drawn  that  the  author 
deprecates  innovation ;  but  on  this  subject,  which  has  recently 
been  extensively  agitated,  it  may  be  well  to  state  that  the  with- 
drawal of  heat  or  gases  from  a  furnace,  either  at  a  low  level  by 
natural  draught,  or  from  a  high  level  by  mechanical  means,  unless 
attended  by  a  corresponding  disturbance  in  the  smelting  opera- 
tions, implies  a  superabundance  and  previous  waste ;  the  utiliza- 
tion of  which,  by  the  erection  and  adaptation  of  secondary  ap- 
paratus, may  be  profitable,  but  the  legitimate  mode  of  operating, 
by  which  a  greater  economy  may  be  attained,  is  to  adapt  the  quan- 
tity of  fuel  and  form  of  the  furnace  to  the  requirements  of  the 
smelting  process.  If  this  be  done,  waste  heat  or  other  products 
capable  of  utilization  will  not  be  evolved,  and  the  advantages  of 
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superior  economy  be  attained  without  having  recourse  to  the  large 
outlay  of  capital  incidental  to  all  plans  for  economising  superflu^ 
ous  products. 

On  other  points,  also,  in  which  his  views  differ  fix)m  the 
opinions  generally  advanced  by  writers  on  iron,  the  author  has 
been  guided  by  deductions  drawn  firom  practical  observation,  and 
however  novel  may  appear  the  conclusions,  he  believes  they  are 
substantially  correct,  and  in  the  elimination  of  the  principles  regu- 
lating the  economy  of  the  several  processes  entitled  to  greater  con- 
sideration than  mere  speculative  theories  unsupported  by  practice. 

The  historical  portion  of  the  subject  has  been  omitted*  The 
author's  acknowledgments  are  due  to  Mr.  P.  L.  Simmonds,  and 
other  gentlemen,  for  much  valuable  matter  bearing  on  this  portion ; 
its  able  treatment  by  Mr.  Scrivenor  in  his  "  History  of  the  Iron 
Trade;"  and  the  generally  little  interest  taken  in  it  by  many 
manufacturers  and  parties  practically  engaged,  has  been  con- 
ijidered  a  sufficient  reason  for  confining  the  work  to  its  present 
limits. 

• 

July,  1855. 
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In  preparing  the  present  work  for  the  press  we  have  done 
little  more  than  arrange  and  systematize  the  papers  and  drawings 
of  the  late  Mr.  Truran.  At  the  time  of  his  death,  which  took 
place  in  Australia,  he  had  nearly  completed  the  second  edition 
of  his  Metallurgy  of  Iron,  or,  to  speak  more  correctly,  re-written 
the  volume,  and  increased  the  number  of  explanatoiy  illustrations 
from  twenty-three  to  eighty-four. 

These  papers  having,  on  their  arrival  in  England,  been 
placed  in  our  hands  with  a  view  to  their  publication,  we  have 
endeavoured  to  lay  them  before  the  public  as  nearly  as  possible 
in  accordance  with  the  expressed  views  of  the  author. 

The  great  experience  of  Mr.  Truran  as  an  Iron  Metallurgist, 
and  the  untiring  industry  with  which,  during  many  years,  he 
collected  notes  and  sketches  of  eveiy  kind  of  apparatus  connected 
with  the  manufacture,  is  a  sufficient  guarantee  for  the  perfect  accu- 
racy of  the  smallest  practical  details,  while  as  an  able  draughts- 
man he  has  left  behind  him  a  series  of  beautifully-executed 
drawings  of  the  furnaces  and  machinery  he  describes.  These 
drawings,  which  have  been  carefully  reproduced  by  Mr.  Newbery, 
give  a  greatly  increased  value  to  the  present  over  the  formier 
edition ;  and  it  is  not  too  much  to  say  that  this  work  now  forms 
the  most  complete  and  practical  treatise  on  the  Metallurgy  of 
Iron  to  be  found  in  the  English  languaga 

With  respect  to  the  opinions  held  by  the  author  relative 
to  the  subject  of  waste  heat,  and  the  advantageous  application 
of  the  tmconsumed  gases  issuing  from  the  blast  furnace,  we  may 
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remark  that  the  experience  of  the  last  few  years  does  not  appear 
to  entirely  bear  out  the  conclusions  to  which  he  had  arrived. 

It  must,  however,  be  remembered  that  Mr.  Truran  was 
essentially  a  practical  man,  and  that  the  great  value  of  his  work 
is  rather  as  a  record  of  the  exact  state  of  this  industry  at  the 
time  at  which  he  wrote,  than  as  a  scientific  treatise  affording 
information  explanatory  of  the  physical  and  chemical  agendes 
which  play  such  an  important  part  in  this  branch  of  our 
manu&ctures. 

With  some  of  his  observations  of  a  theoretical  nature  we 
cannot  ourselves  entirely  agree,  but  there  can  be  no  doubt 
that  his  remarks  on  the  influence  exerted  by  the  area  of  the 
tunnel-head  on  the  working  and  yield  of  furnaces  are  of  much 
practical  importance,  and  that  the  attention  of  ironmasters 
cannot  be  too  carefully  directed  to  this  subject 

London,  August^   1862. 
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PLATE  L 

KUn  for  caldning  ore  at  DowUis  Am-works, 
South  Wales. 
F!g.  1.  Front  eleTation. 

2.  Longitadioal  sectioii. 

8.  TransTerse  sectioiL 
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4,  5.  Plan,  partly  in  section. 

PLATE  n. 

Kiln  for  calcining  ore,  with  coal  and  ore 
trama  ninning  on  railway  OTeifaead,  and  tipping 
direct  into  kfln,  in  lue  in  some  of  the  South 
Wales  iron-works. 
Fig.  6.  Front  elcTation. 
**    *!,  Longitudinal  section. 
'*    8.  TransYerse  section. 
"    9, 10.  Plan,  partly  in  section. 

PLATE  ra. 

Rgs.  11,  12.  Plan  and  section  of  brick  kites 
at  Dowlais  iron-works.  Four  are  grouped  to- 
gether around  a  central  stack. 

Fig.  18.  Longitudinal  section  of  ore-roasting 
kihL 
F{g.  14.  Transverse  section. 
16.  Sectional  plan. 
16.  ElcTBtion. 
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PLATE  IV. 

Ordinary  double  coke  oren. 
Figs.  17,  18.  EleTationa. 

19,  20.  Sections. 

21.  Sectional  plan. 

22—24.  Details  ofbon-work  of  damper. 

25—27.        "  **  doors. 
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PLATE  V. 

Figs.  28,  29.  Sections  of  coke  OTcn  on  Coz^s 
patent,  with  flue  returning  oyer  the  OYcn  crown, 
in  use  at  Ebbw  Yale  iron-works  and  elsewhere; 

Kg.  80.  Sectional  plan. 


Fig.  81.  Section  of  group  of  coke  OTens  as 
constructed  in  the  north  oi  England  with  cen- 
tral stack. 

Fig.  82.  Sectional  plan. 

88.  Elevation  of  part  of  group. 
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PLATE  VL 

Fi^  84 — 86.  Plan,  section  and  eleTation  of 
common  circular  or  elliptical  OTen. 

FSg.  87.  Section  of  part  of  double  row  of 
square  coke  ovens. 
Fig.  88.  Cross  section. 
**    89.  Sectional  plan. 
''   40.  Elevation. 

PLATES  vn.  TO  xn. 

Figs.  41  to  81.  Outlines  of  the  Ulterior  of 
blast  furnaces  at  home  and  abroad. 
Fig.  66  should  be  "Tnisoedwyn." 

67        "        "  Ystalyfera  new  fumaoe." 
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PLATE  Xra. 

Fig.  82.  Section  of  bUst  furnace. 
**    88.  Foreign  blast  furnace  with  channelB 
for  abstracting  the  gases  at  the  boshes. 

Fig.  84.  Blast  furnace  witii  cylindrical  body, 
suggested  by  Mr.  Truran. 

PLATE  XIV. 

Figs.  86 — 87.  Vertical  section  and  plan  of 
hearth  of  blast  furnace  at  Plymouth  iron-worics. 

Fig.  86.  Plan  of  hearth  of  blast  furnace  at 
Rhymney  iron-works. 

PLATE  XV. 

Laige  blast  furnace  at  Dowlais  Iron-works, 
18  feet  diameter  at  the  boshes. 

Fig.  88.  Vertical  section  through  back  tuyere- 
house  and  cinder-fall,  showing  blast  pipe,  tuy- 
eres, damplate,  and  other  details. 

Fig.  89.  Half  plan,  through  hearth. 
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Fig.  90.  Yerdcal  section  through  bottom, 
showing  the  peculiar  form  of  the  fire-bricks  of 
which  it  is  composed. 

PLATE  XVt 

Large  18-feet  blast  furnace— Do wlais  iron- 
works. 

Fig.  91.  Horizontal  section  through  boshes  at 
the  IcTcl  of  the  top  of  hearth,  showing  castings 
with  which  the  furnace  is  bound  together. 

Fig.  92.  Horizontal  section  through  hearth 
at  IcTel  of  tuyeres,  showing  tuyeres  and  pipes 
in  position. 

Fig.  93.  Vertical  section  before  the  hearth 
and  boshes  are  put  in,  with  mould  by  which  the 
hi-walls  are  built. 
'  Fig.  94.  Front  yiew  of  dnder-falL 

PLATE  XVIL 

Large  18- feet  blast  furnace  at  Dowlais  Iron- 
works. 
Figs.  95,  96.  Elevation  and  plan. 

PLATE  XVIIL 

•  Cupola  furnace  at  Dowlais  iron-works. 

Figs.  97,  98,  99.  Front  elevaUon,  Tertical 
section  and  sectional  plan  of  hearth. 

Fig.  100.  Sectional  plan  of  hearth  of  cupola 
furnace  at  Sirhowy  iron-works. 

PLATE  XIX. 

'  Figs.  101,  102.  Vertical  section,  and  sec- 
tional plan  through  hearth  of  blast  furnace  at 
Tredegar  iron-works. 

Figs.  108,  104.  Hearth  of  Aberamman  fui- 
naoe,  yertical  section  and  plan,  showing  tuyero 
openings  both  in  sides  and  breast 

Fig.  106.  Vertical  section  of  hearth  of  Ystaly- 
fera  furnace,  showing  three  tuyere  openings  on 
each  side  and  one  in  breast 

PLATE  XX. 

Blast  furnace  at  Coltness  iron-works. 
Figs.  106,  107,  108.  Elevadon,  yertical  sec- 
tion and  plan. 

PLATE  XXL 

Hg.  109.  Yertical  section  of  blast  fiimaoe  at 
Cwm  Afon  iron-works. 

Figs.  110,  111.  Vertical  section  and  plan  of 
hearth  of  blast  furnaces,  Oldbury  iron-works. 

PLATE  XXIL 

Fig.  112.  Vertical  section  of  blast  furnace  at 
Towlaw  iron-works. 

ilg.  118.  Vertical  section  of  blast  famace  at 
Stockton-npon-Teea. 


PLATE  XXm. 

Water-balance  lift  for  pits  and  for  raiang 
materials  to  furnace  top— employed  irequenUy 
in  South  Wales. 

Fig.  114.  View  of  framing  at  top  of  lift,  witii 
chain  wheel  and  brake,  showing  tram  arrived  at 
the  top,  and  ready  to  be  wheeled  off  on  to  the 
charging  plates. 

Fig.  116.  Side  view  of  top  and  bottom  of 
lift,  showing  tram  wheeled  on  to  the  platform 
and  ready  to  be  hoisted. 

Fig.  116.  Vertical  section  of  bucket  with 
escape  valve. 

Fig.  117.  Plan  of  platform  on  bucket 
**    118.  View  of  inclined  plane  fumace4ifV, 
worked  bv  a  steam-engine— much  used  in  Staf- 
fordshire. 

PLATE  XXIY. 

Fig.  1 19.  Vertical  section  of  pneumatic  fur- 
naoe-lifi  in  use  at  Corbyn^s  Hall  furnace  and 
elsewhere. 

ilgs.  120,  121,  122.  Sectional  plan  oi  pneu- 
matic tube,  air-pipes  and  well,  plan  of  platfonn 
and  giudes.  Sketch  of  top  pulley  for  counter- 
balancing chain. 

Fig.  128.  Section  of  valve  chest  with  three 
passages,  placed  on  blast  pipes  of  hot-blast  fur- 
naces to  direct  the  blast  eiUier  through  the 
stoves  or  at  once  into  the  furnaces  at  pleasure. 

Fig.  124.  Section  of  hot-blast  stove  placed 
between  furnaces  at  Ystalyfera,  heated  by  hot 
gases  abstracted  from  the  furnace. 

PLATE  XXV. 

Fig.  126.  Section  of  blast  stove  with  V-pipes, 
horizontal  pipes  being  built  in  with  fire-brick. 

Fig.  126.  Section  of  blast  stove  with  V-pipes 
at  Pen-y-darran  iron-works. 

Figs.  127,  128.  Sketches  of  stove-pipe  junc- 
tions, one  with  ordinary  faucet,  the  other  with 
separate  removable  socket 

Fig.  129.  Cross-section  of  blast-stove  at  Dow- 
lais iron-works,  with  U-pipes. 

PLATE  XXYL 

ilgs.  130, 181.  Longitudinal  section  and  sec- 
tional plan  of  blast  stove  at  Dowlais  iron-works 
(outiet  at  right  side  of  furnace  door,  is  in  error). 

PLATE  XXVn. 

Figs.  132,  188,  134.  Longitudinal  section, 
transverse  section,  and  part  of  sectional  plan  of 
blast-stove  used  at  Ebbw  Vale  iron-works, 
Wales,  heated  by  waste  gases  from  the  tunnel 
head. 
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PLATE  XXYm. 

Figs.  185, 186.  Vertical  section  and  sectional 
plan  of  blast«toTe,  with  upright  pipes— used  in 
Staffordshire. 

Fig.  187.  Sectional  plan  of  divided  horixontal 
pipes,  in  which  vertical  pipes  stand. 

Fig.  188.  Vertical  section  of  blast  stove,  with 
tall  pipes,  and  arch  over  fire. 

PLATE  XXIX. 

Figs.  189 — 144.  Various  methods  of  collect- 
ing gases  from  furnaces. 

PLATE  XXX. 

Figs.  145,  146.  Mode  of  collecting  the  fur- 
nace gases  in  use  at  Brymbo  iron-worlcs — Dan- 
by^s  patent. 

Figs.  147,  148.  Foundry  capoliL,  at  Rhymney 
iron-works. 

figs.  160,  151,  152,  153.  Details  of  blast 
furnaces,  construction,  bottom-frame,  doors,  and 
loose  curb,  for  chai^^ing  holes  at  furnace-top. 

PLATE  XXXI. 

Details  of  the  construction  of  blast-furnace 
blast  valves. 

figs.  154, 155.  Sections  of  valve-boz. 
**     156,  157.  View  and  section  of  valve  for 
slide  valve,  with  spindle  and  plain  handle. 

Figs.  158,  159,  160.  Sections  of  throttle 
valve. 

Figs.  161,  162,  163,  164.  SUde  valve,  with 
rack  and  pinion,  vertical  and  horizontal  sec- 
tions, view  of  slide  face,  side  elevation  of  box. 

Figs.  165,  166.  Vertical  and  horizontal  sec- 
tions of  spindle  valve,  with  screw. 

Figs.  167,  168.  Vertical  and  horizontal  sec- 
tion of  valve,  with  circular  slide. 

PLATE  XXXn. 

Details  of  the  oonstruction  of  blast  furnaces. 
Tuyere-pipes. 

Fig.  169.  Section  of  telescopic  tuyere-pipe 
for  conveying  the  blast  from  the  main  to  the 
toyere,  at  Dowlais  iron-works. 

Hgs.  170,  171,  172.  Three  views  of  ball  and 
socket  joint  of  tuyere-pipe. 

Fig.  178.  Nozzle-pipe. 

Hgs.  174,  175.  Side  and  end  views  of  tuyere- 
pipes  at  Ebbw  Vale  iron-work& 

Figs.  176,  177.  Side  and  end  views  of  com 
pound  nozzle-pipe — Aberdare  iron-works. 

Fig.  178.  Nozzle-pipe. 
^*    179.  Cast-iron  tuyere-pipe  for  hot  bUst 
—Dowlais  iron-worka 


PLATE  TTYTn 

Details  of  the  construction  of  blast  furnaces. 

Figs.  180,  181.  Section  and  end  view  of  cast- 
iron  water  tuyere. 

Fig.  182.  Tuyere-pipe  with  leather  bag  for 
conveying  cold  blast — ^Plymouth  iron-works. 

Fig.  188.  Wrought-iron  tuyere-pipe  for  hot 
blast— Dowlais  iron-worka 

Figs.  184, 185.  Section  and  end  view  of  cast- 
iron  water  tuyeres. 

Figs.  186,  187,  188.  Section,  end  view  and 
plan  of  cast-iron  dry  tuyeres. 

Figs.  189,  190.  Front  view  and  section  of 
water  tuyere-block — Aberdare  iron-works. 

Fig.  191.  Water-block — Aberdare  iron-worka 

Figa  192,  193.  Front  view  and  section  of 
water-block. 

PLATE  XXXrV. 

Figa  194, 195, 196.  Elevation  plan  and  cross 
section  of  water  block  below  tuyere — ^Dowlais 
iron-worka 

Figs.  197, 198, 199.  Sectional  elevation,  plan, 
and  cross  section  of  water  tjrmp— Langloan 
iron-worka 

Figs.  200,  201.  Section  and  aide  view  of  cast- 
iron  tuyere-pipe  with  flange-Joint,  movable  only 
in  one  plane. 

Fig.  202.  Water  tuyere-block— Tstalyfera 
iron-worka 

Figa  208,  204.  Side  view  and  end  view  of 
compound  tuyere-pipe  for  two  tuyeres. 

Fig.  205,  206.  Front  and  side  view  of  tymp 
and  damplate. 

PLATE  XXXV. 

Figa  207,  208.  Side  and  end  view  of  diarg- 
ing  barrow. 

Figa  209,  210.  Side  and  end  view  of  charg- 
ing train. 

Figs.  211,  212.  Side  and  end  view  of  coke 
barrow. 

Fig.  218.  Filling  pike  for  coka 

PLATE  XXXVI. 

Fig.  213.  Plan  of  dndar  fall,  showing  on  one 
side  of  the  cinder-plate  the  cinder  gutters  and 
tubs  and  tramway  leading  to  the  cinder  tip, 
and,  on  the  other  side,  metal  gutter  and  pig  bed. 

Fig.  214.  Vertical  section  of  cmder  fall 
through  metal  gutter,  with  cinder  flowing  into 
movable  tub. 

Fig.  215.  Cinder  crane ;  where  cinder  is  al- 
lowed to  flow  into  holes  in  the  ground  instead 
of  tubs,  the  cinder  pig  is  lifted  by  means  of  an 
iron  bar  cast  into  it  and  subsequently  removed. 
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Fi^L  216,  217.  Gtii-iran  pig  mould. 
*'     216,  219.  Sections  of  CMt-iron  gntten. 
"     220.  A.  B.  C— Tools  used  by  moulder. 


PLATE  XXXVn. 

Figs.  221,  222.  Side  and  end  Tiew  of  dnder 
tub  with  loose  sides. 

Fig.  228.  A  similir  tub,  with  sides  removed 
and  cinder  pig,  reidy  to  be  tipped  ofll 

Fig.  224.  A— L.—Funuoe-keeper's  tools. 
**   225.  Cinder  tab,  with  wToqgfat4ron  sides 
made  to  lift  off. 

PLATE  XXX  VnX. 

Fig.  226.  General  view  of  laige  hig^i-presBiire 
blowing  engine  at  Dowlais  iron-woiks. 

PLATE  XXXTT. 

Fig.   227.    Large  blowing  engine  Dowlais 
Iron-works— Section  of  blowing  cylinder  and 


Figs.  228,  229.  Seatings  of  single  and  double 
air  valyes. 

PLATE  XL. 

Laige  blowing  engine — ^Dowlais  iron-worksi 

Fig.  230.  Sectional  part  plan  of  blast  cylin- 
der, showing  air  Talves. 

Fig.  281.  Part  plan  of  top  of  blast  cylinder 
and  air-ralve  seats. 

Fig.  232.  Section  of  edge  of  blast  piston  with 
jnnk  ring  for  hemp  packing. 

Fig.  238.  Section  of  rib  of  piston. 
'*    284.  Junk-ring  bolt 
"    236.  Section  of  edge  of  blast  piston  with 
leather  paddng. 

Fig.  286.  Part  section  of  air-Talve  for  blast 
cylinder  coTer. 

Fig.  237.  Hind  pressors  gauge. 

PLATE  XLL 

Fig.  238.  Vertical  transverse  section  of  dou- 
ble refinery — ^Dowlais  iron-works. 

Fig.  239.  Section  of  blast  valve-box  with 
three  separate  valves  for  three  tuyeres. 

Fig.  240.  Tuyere-pipe  with  ball-joint 

PLATE  XUL 

Double  refinery — Dowlais  iron-works. 

Fig.  241.  Sectional  plan  of  refinery,  with 
dovetailed  joints  to  pig  mould  and  two  tuyeres 
on  each  side. 

Fig.  242.  Elevation  of  part  of  finery  fire  and 
section  of  pig  mould. 

Fig.  248.  Pig  mould  jointed  with  dips. 

Figs.  244.  245.    Longitudinal  and  transverse 


sections  of  blast  Talve4wx  for  three  tayeres 
with  sii^  valve. 

PLATE  XTiTTT. 

Laige  doable  refinery — ^Dowlais  iron-works. 

Fig.  246.  Longitudinal  section  of  finery  fire. 
''   247.   Plg-moold  bkx^  witii  doable- 
rabbeted  joints. 

Fig.  248.  Section  of  pig-mould. 

FlgL  249,  250,  251.  Fig  of  refined  metal  on 
cart  commonly  used  to  remove  it 

Figs.  252,  258.  Two-handed  sledge  for  break- 
ing refined  metaL 

Fig.  245.  planner  for  the  same  purpose. 

Figs.  255,  256.  Hot-water  tuyere  for  finery. 
257,  258.  Scraper. 


It 


PLATE  XLIV. 

Furnace  for  boiling  pig-iron,  as  usually  con- 
structed in  the  South  Wales  iron-works. 

Fig.  259.  Sectional  plan  through  body  of  fur- 
nace. 

Fig.  260.  Vertical  longitudinal  section 
through  centre  of  furnace  and  stadL 

Figs.  261,  262.  Front  and  back  elevations. 

PLATE  XLV. 

Double  puddling  furnace  for  refined  iron. 
Figs.  268,  264.  Sectional  phm  and  longitu- 
dinal section. 
Fig.  265.  Side  elevation. 
Figs.  266,  267.  Tub  for  cinder. 

PLATE  XLVL 

Double  boiling  furnace,  with  air  boshes. 
Figs.  268,  269.  Sectional  plan  and  longitudi- 
nal section. 
Fig.  270.  Cross  section  through  stack. 

PLATE  XLVa 

Puddling  furnace  for  refined  plate  metal  at 
Dowlais  iron-works. 

Figs.  271,  272.  Longitudinal  section  and  sec- 
tional plan. 

Fig.  278.  Cross  section  through  body  of  fur- 
nace, looking  toward  stack. 

Fig,  274.  Back  elevation,  stadc  frame. 

PLATE  XLVra. 

Puddling  IVimace — ^Dowlais  iron-works. 

Fig.  276.  Side  elevation. 

Figs.  276,  277.  Plan  and  end  views  of  top  of 
stack,  showing  damper. 

Fig.  278.  Sectional  plan  of  stack. 
"    279.  Section  of  stack,  witii  damper  at 
the  bottom. 
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Figs.  280,  281.  Yiew  and  flection  of  working 
door. 
Fig.  282.  View  of  charging  door 

PLATE  XLIX. 

Puddling  furnace,  with  flue  dampeiv— PI7* 
mouth  lron-work& 

Figs.  288,  284.  Sectional  plan  and  longitudi- 
nal section. 

Fig.  285.  Back  elevation. 

Figs.  286,  287,  288.  Plan,  side  view,  and 
section  of  cooling  boah  for  puddlers'  tools. 

PLATE  L. 

Puddling  furnace,  Cyfarthfa  iron-works. 

Figs.  289,  290.  Sectional  plan  and  longitudi- 
nal section. 

Figs.  291,  292.  EleTation  and  plan  of  car- 
riage for  conyeying  puddle  balls  to  squeezer, 
or  shingling  banuner. 

Figs.  293  to  297.  Puddlers'  tools. 

PLATE  LL 

Figs.  298,  299,  800.  Longitudinal  sections  of 
puddling  furnaces,  with  iron  boshes. 
Fig.  800.  With  boiler  in  flue. 

PLATE  LIL 

FigSb  801,  802.  Transverse  section  and  plan 
of  part  of  puddling  forge — Dowlais  iron-works 
—showing  arrangement  of  furnaces,  coal  and 
iron  tramways,  races,  ke, 

PLATE  Lm. 

Foige  train — Cyfarthfa  iron-works. 

Fig.  808.  tUevation  oi  train  complete  from 
crab  on  driving  shaft  to  squeezer-crank. 

Fig.  804.  Elevation  of  squeezer. 
**    805.  Bed-plate  of  squeezer  and  part  of 
bed-plate  of  train. 

Figs.  806,  807.  Side  and  front  view  of  fast 
half  of  coupling  crab. 

Figs.  808,  809.  Side  and  front  view  of  rolls' 
pinion. 

Fig.  810.  Clip  for  keeping  rolls'  coupling  up 
to  their  place. 

Kgs.  811,  812.  Side  and  front  view  of  loose 
half  of  coupling  crab. 

PLATE  LIV. 

Foige  train — Cyfarth&  iron-works.  Details 
of  rolls'  standards. 

Fig.  818.  Front  elevation  of  roUs'  standards, 
showing  diocks,  brasses,  roll-necks,  and  setting 
screws. 

Fig.  814.  Plan  of  standard. 


Figs.  816,  816,  817.  Hotiaontal  sections  of 
standard, 

Fig&  818,  819.  Front  view  and  sectional 
plan  of  pinion  housing. 

PLATE  LV. 

Forge  train — Cyfarthfa  iron-worss.  Details 
of  squeezer. 

Fig&  820,  821.  Side  view  and  sectional  plan 
of  squeezer  arm. 

Fig.  822.  View  of  top  gudgeon. 
**    828.  Squeezer-crank. 

Figs.  824, 825.  Elevation  and  horizontal  sec- 
tion of  standards  for  squeezer-crank. 

Fig.  826.  Section  of  standards  for  squeeaer> 
arm,  showmg  gudgeon,  &c. 

Fig.  827.  Side  elevation  of  squeezer-arm 
standard. 

Fig.  828.  Horizontal  section  of  tiie  same 
through  brass  bearing. 

Figs.  829,  880.  Side  view  and  cross  section 
of  anvil  of  squeezer. 

PLATE  LVI. 

Forge  train — Cyfarthfa  iron-work&  Details 
of  rolls  and  squeezer. 

Figs.  881,  882.  Side  and  end  view  of  rough- 
ing-rolL 

Figs.  888,  884,  885.  Side  view  and  two  end 
views  of  connecting  spindle. 

Figs.  886 — 889.  Section,  side  view,  and  two 
end  views  of  pinion  on  roll  end,  with  crab  for 
driving  squeezer. 

Figs.  340,  841.  Butt-ends  of  squeezer  con- 
necting-rod. 

Figs.  842,  848.  Side  and  end  view  of  coupling- 
box. 

Figs.  844,  845.  End  of  squeezer-anvil. 
**    846,  847.    Section  of  rolls,  showing 
loose  guides  and  guides  cottered  down  to  rest. 

Fig.  348.  Cinder  plate  to  go  between  rolls  to 
keep  the  cinders  out  of  the  bearings. 

PLATE  LVII. 

Foige  trains — Dowlais  iron-woiks. 

ilg.  849.  Complete  elevation  of  train  from 
engine  fly-wheel  to  squeezer-crank,  with  pinions 
in  separate  housings  and  connecting  spindle. 

Fig.  850.  Similar  train,  but  without  connect- 
ing spindle,  and  with  pimons  on  roll  end& 

Figs.  851,  852.  Plan  and  cross-section  of  bed- 
plate for  Fig.  849. 

PLATE  LVm. 

Foige  trains — ^Dowlais  iron-works.  Details 
of  housings. 
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Fig.  868.  Elevation  of  rolls,  hooslDg  com- 
plete, with  chocks,  bearings,  roll-necks,  &c. 

Figs.  354,  355,  856.  Horizontal  sections  of 
housing. 

Fig.  357.  Top  plan  of  housing. 

Figs.  858,  359.  Elevation  and  sectional  plan 
of  pinion  housing. 

PLATE  LIX. 

Forge  trains — Dowlais  iron-works.  Details 
of  rolls. 

Figs.  860,  361.  Side  and  end  view  of  rough- 
ing-roll. 

Figs.  862,  863.  Side  and  end  view  of  pinion. 

Fig.  364.  Spindle. 

Figs.  865,  366.  Side  and  end  views  of  coup- 
ling-box for  spindle  and  roll  flutes. 

Figs.  867,  868,  869.  Side  and  two  end  views 
of  coupling-crabs. 

Figs.  870—872  and  378—876.  Rests  and 
guides  for  finishing  rolls. 

PLATE  LX. 

Forge  trains — ^DowUis  iron-works.  Details 
of  rolls  and  squeezer. 

Figs.  377,  878,  879.  Side  and  end  views  and 
plan  of  foreplate  for  roughing-rolls. 

Fig.  880.  Cross  section  through  finishmg- 
rolla,  showing  rests  and  guides. 

Fig.  881.  Cross  section  through  roughing- 
rolls,  showing  foreplate  and  rest. 

Fig.  882.  Cross  section  through  gudgeon  of 
squeezer. 

Figs.  883, 384.  Side  and  end  view  of  squeezer- 
crank. 

Figs.  885,  886.  Butt-end  of  the  squeezer  con- 
necting-rod. 

PLATE  LXL 

Forge  train — Dowlais  iron-works.  Details  of 
double  squeezer. 

Figs.  387,  388.  Elevation  and  sectional  plan 
of  double  squeezer. 

Figs.  889,  890.  Sections  of  squeezer-arm 
through  gudgeon,  and  through  hammer. 

Fig.  891.  End  view  of  squeezer  arm,  showing 
gudgeon. 

PI  ATE  LXn. 

Forge  hammer — Dowlais  iron-works. 
Fig.  392.  Sectional  elevation. 
<*    893.  Plan  of  bed-plate. 
**    894.  Cross  section  of  harness  block,  and 
end  view  of  helve. 

Fig.  395.    Section  of  cam-ring,  shaft,  and 
bearing  block. 
Fig.  896.  Phm  of  cam-shaft  bearing  block. 


Fig.  897.  Plan  of  hamesi  blodc 
"  898.  Shinglmg  tongnes. 

PLATE  LXm. 

Forge  hammer— Dowlais  iron-works.     De- 
tails of  hammer. 
Figs.  899,  400.  Sections  of  anvil  and  block. 
Fig.  401.  Plan  of  anvil  and  block. 
**   402.  Elevation  of  anvil  block,  showing 
sectional  helve  supported  on  ^*  jack." 
Fig.  408.  Cross  section  of  cam-ring. 
*'   404.  Plan  of  helve. 
*'    405.  Side  view  of  helve  head. 
Figs.  406,  407.    Elevation  and  section  of 
driving  wheels. 
Fig.  408.  Elevation  of  eccentric  squeezer. 

PLATE  LXrV. 

Mill  hammer— Dowkis  iron-works. 
Fig.  409.  Sectional  elevation. 

**    410.  Plan  of  helve  and  driving  gear. 

''    411.  Section  of  anvil  block. 

**    412.  End  view  of  helve  and  part  of  har- 
ness blocks. 
Fig.  413.  Plan  of  anvil  block. 

"    414.  View  of  nose  of  helve. 

PLATE  LXV. 

Heating  furnace  at  Forest  and  Cjfarthfa  iron- 
works. 

Figs.  415,  416.  Longitudinal  section  and  sec- 
tional plan. 

Figs.  417,  418,  419.  Side  and  end  views,  and 
plan  of  cart  for  carrying  piles  to  the  roUs. 

Fig.  420.  Balling  furnace  tongs. 

PLATE  LXVL 

Heating  furnace  at  Dowlus  iron-works. 

Figs.  421, 422.  Longitudinal  section  and  sec- 
tional plan. 

Figs.  428,  424.  Side  and  end  view  of  piling 
tables. 

Fig.  425.  Rest 

PLATE  LXVIL 
Smaller  heating  furnace — Dowlais  iron-works. 
Figs.  426, 427.  Longitudinal  section  and  sec- 
tional plan. 
Figs.  428,  429.  Elevation  and  plan  of  pile 

carriage. 
I^  430 — 188.  Balling  furnace  tools. 

PLATE  LXVIIL 
Twelve-inch  merchant  train— Dowhus  iron- 
works. 
Fig.  484.  Front  eleyation. 
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F!g.  486.  Eleratioii  of  roUfl  standard. 
Figs.  436,  437,  438.  Sections  of  standard. 
Fig.  439.  Plan  of  standard. 

PLATE  LXIX. 

DetaOs  of  12-inch  merchant  tndn — ^Dowlais 
iron-works. 
Fig.  440.  Side  view. 
"    441.  End  view  of  pinion. 
'*    442.  Section  of  chock  and  brass. 
''    443.  Rolls  spindle. 
"    444.  Side  Tiew  of  crab,  showing  part  of 
engine  shaft. 

ilgs.  445,  446,  447.  Front  view,  side  view, 
and  back  Tiew  of  loose  crab. 

Figa  448,  449.  Side  and  end  eleyation  and 
sectional  plan  of  standard. 

PLATE  LXX. 

Details  of  merchant  train  —  Dowlais  iron- 
works. 

Figs.  451,  452.  Side  and  end  view  of  roll. 
"    463,  464.  Side  and  end  Tiew  of  con- 
necting spindle,  between  pinions  and  rolls. 

fig.  466.  Top  chock  for  rolls  where  two  only 
are  nsed. 

Figs.  466,  467,  468.  Plan,  side  and  end  Tiew 
of  fore-plate. 

Figs.  459, 460,  461.  Side  and  end  Tiews,  and 
plan  of  rest 

Figs.  462,  463.  Side  and  end  Tiew  of  coup- 
ling-box. 

Figs.  464,  465.  Side  and  end  Tiew  of  guides. 

Fig.  466.  Cross  section  of  bed-plate. 

PLATE  LXXI. 

Guide  train — ^Dowlais  iron-works. 

"Fig.  467.  ElcTation  of  8-inch  guide  train. 

**    468.  Section  of  bed-plate. 
Figs.  469,  470.  ElcTation  and  sectional  plan 
of  pinion  standard. 

PLATE  LXXIL 

Details  of  guide  train — ^Dowlais  iron-works. 

figs.  475,  476.  Side  Tiew  of  connecting  spin- 
dle between  pinion  and  rolls. 

F1g&  477,  478.  Sections  of  coupling-boxes. 

Fig.  479.  Side  Tiew  of  pinion. 

Figs.  471,  472, 473,  474.  Side  elcTation,  end 
eleTation,  sectional  plan,  and  plan  of  roUs^ 
housing. 

Fig.  480.  End  Tiew  of  spindle. 

PLATE  LXXm. 

Detuls  of  guide  train — Dowlais  iron-works. 
Figs.  481,  482,  483.   Front  eleTation,  side 
eleTation,  and  section  of  rolls*  housing  and  rolls. 


Fig.  484.  Side  Tiew  (^  crab. 
''   486.  Side  Tiew  of  roll. 
"    486.  Gauge  for  screwing  down  rolls, 
ilgs.  487,  488,  489.  Guides  for  square  uron. 
**    490,  491,  492.   Plan,  Me  Tiew  and 
cross  section  of  guides. 

Figs.  493,  494.  Phm  and  end  Tiew  of  fore- 
plate. 

PLATE  LXXIV. 

Slitting  mill — ^Dowlais  iron-works. 

Fig.  496.  General  Tiew  of  slitting  mill.  ' 

Figs.  496,  497.  Side  Tiew  and  front  Tiew  of 
slittiDg  mill  in  detail. 

Figs.  498,  499.  Phm  and  sectional  plan  of 
slittiDg  mill. 

Figs.  600,  501.  Side  and  end  Tiew  of  con-, 
necting  spindle. 

PLATE  LXXV. 

Details  of  slitting  mill — Dowlais  iron-woi^s. 

Figs.  602,  608.  Cross  and  longitudinal  seo- 
tiona 

Fig.  604.  Sectional  plan. 

Figs.  606,  506.  End  Tiew  and  sectional  pUaf 
of  pinion  standards. 

Figs.  607,  608.  Side  and  end  Tiews  of  coup- 
ling-box. 

Fig.  610.  Crab. 
"   611.  End  and  side  Tiews  of  pinion.       ' 

PLATE  LXXVL 

Details  of  implements  used  at  Rolls. 

Figs.  512,  518.  EleTation  and  section  plan  of 
housings  of  plate  mill. 

Figs.  614—627.  Hooks,  tongs,  &c.,  used  in 
roUingbars. 

PLATE  LXXVII. 

Saw  for  cutting  rail  ends— Dowlus  iron-works. 
Fig.  628.  General  Tiew  of  a  saw. 
^^    629.  Cross  section  of  saw,  showing  IcTer 
for  moTing  saw  bench. 

Fig.  630.  Cross  section  of  saw,  showing  stop 
for  holding  bar. 
ilg.  631.  Sectional  front  Tiew  of  saw. 
*'    582.  Details  of  stop. 
'*    683.  Cross  section  of  saw  bench 

PLATE  LXXVra. 

Details  of  saw — Dowlais  iron-worlcs. 

Figs.  534,  635,  686.  Plan,  eleTation  and  sec- 
tion of  saw  bench,  showing  screw  stop  for  ad- 
justing length  of  rails. 

Fig.  687.  Section  of  saw  frame,  showing  spin- 
dle and  cooling  boshes  generall  j. 

Fig.  541.  Eccentric  shears,  eleTation  of  gear- 
ing. 
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fig.  689.  Details  of  diaoonnecthig  gear, 
"    640.  End  yiew  of  crab. 

PLATE  T.XXrX. 

Shears  driven  by  power.  Shears  for  mill  bar& 
Fig.  646.  Sectional  elevation. 

^*    646.  Sectional  plan  of  shear  castings. 

*'    647.  Part  cross  section  of  shears. 

**    648.  End  of  shear  bar. 
Figs.  649,  660.  Sectional  elevation  and  end 
view  of  shears  for  puddled  bars. 

Figs.  661, 662.  Elevation  and  plan  of  framing 
for  shears. 
Fig.  668.  Shears  crank. 

*^   664.  Knife  for  cutting  bars.    Eccentric 
shears. 

Fig.  642.  Gross  section. 

'*    648.  Plan  of  frame. 

**    644.  Sectional  plan  of  shears. 

PLATE  LXXX. 

Rail   straightening  press — Cyfarthfa  iron- 
works. 

Figs.  666,  666,  66Y.   Front  elevations  and 
aide  elevation  of  raU  straightening  press. 

Figs.  668,  669.  Sectional  plans. 
**    660,  661.  Detiuls  of  connecting-rod  and 
die  block. 

PLATE  LXXXI. 
Rail  Btraightemng  press — ^Dowlais  iron-works. 


Fig&  662,  668.  Front  and  ade  elevation  of 
rail  straightening  press. 

Fig.  664.  Die  block. 
"    666.  Sectional  plan  of  press,  horizontal 
section  of  frame  and  die  blocks. 

Fig.  667.  Section  of  guide  for  die  block. 

668.  Details  of  roller  for  carrying  bars. 

669.  Main  shafting. 
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PLATE  LXXXa 

Heavy  gearing  between  engine  and  trains. 
Figs,  686, 687.  Plan  and  elevation  of  gearing. 
Fig.  688.  Section  of  eye  of  fly-wheel 

"    689.  Section  at  driving  wlieel  arm. 

''    690.  Detail  of  fly-wheel 

PLATE  LXXXm. 

Heavy  gearing  between  engine  and  mills. 
Figs.  682,  688.  Sectional  elevation  and  plan 
of  gearing. 
Fig.  684.  Section  of  eye  of  fly-wheel 
"    686.  DetaO  of  rim  of  fly-wheel 

PLATE  LXXXIV. 

Independent  rail  straightening  machine  driv- 
en by  a  band — Dowlais  iron-worics. 

figs.  670,  671.  Front  and  side  elevation. 
**    672,  678.  Side  view  and  plan  of  hard 
straightening  block. 

FIgH.  574_581.  Tools  used  in  rail  straighten- 

icg. 
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Fob  the  production  of  pig  or  crude  iron  three  materials  are  required : 
iron  ore — coal,  coke,  or  charcoal,  as  fuel — ^and  limestone  or  some 
other  suitable  substance,  as  flux.  Before  entering  upon  a  description 
of  smelting  operations,  we  purpose  giving  a  brief  notice  of  t^ie  qualities 
and  general  composition  of  the  principal  ores,  fuels,  and  fluxes,  used  in 
this  manufacture. 

IRON    ORES. 

The  ores  from  which  crude  iron  is  smelted  in  Oreat  Britain  may  be 
divided  into  four  great  classes :  the  argillaceous  ores  of  the  coal  formations, 
having  clay,  but  sometimes  silica,  as  the  chief  impurity ;  the  carbonaceous 
ores  of  the  same  formation,  distinguished  by  their  large  percentage  of 
carbon;  the  calcareous  ores,  principally  obtained  from  the  limestone 
of  the  coal  measures,  having  lime  as  their  chief  earthy  admixture ;  and 
the  siliceous  ores,  having  silica  as  their  predominating  earth.  This  last 
class  is  subdivided  into  the  red  and  broVn  hematites,  the  ores  of  the 
oolitic  formation,  the  white  carbonates,  and  the  magnetic  oxides.  The 
carbonates  of  the  coal. measures  frequently  contain  silica  as  their  pre- 
dominating impurity ;  but  these  ores  are  classified  with  the  argillaceous 
instead  of  with  the  siliceous  ores  of  the  oolitic  and  other  formations, 
which  do  not  contain  any  important  quantity  of  carbonic  acid. 

AROILLAOEOUS  OSES. 

The  argillaceous  as  well  as  the  carbonaceous  ores  are  obtained  from 
the  coal  measures,  in  which  they  are  found  in  seams  of  from  a  quarter 
of  an  inch  to  three  feet  in  thickness,  and  in  nodules  varying  from  one 
inch  to  two  feet  in  diameter.    Lying  parallel  with  and  not  unfrequently 
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in  close  proximity  to  the  coal  seams,  these  ores  are  mined  in  a  manner 
similar  to  that  followed  in  the  extraction  of  coal  in  the  same  locality.  A 
large  quantity  is  raised  annually  in  Wales  by  open  work,  termed  "  patch- 
ing ; "  but  the  principal  supply  is  derived  from  pits  sunk  in  the  coal 
measures  to  a  depth  varyiug  from  a  few  yards  to  a  hundred  and  fifty 
fathoms. 

All  the  great  coal  formations  hitherto  discovered  contain  argillaceous 
and  carbonaceous  iron  ores  in  greater  or  less  abundance.  The  Stafford- 
shire, South  Wales,  North  Wales,  Derbyshire,  Shropshire,  and  Scotch 
coal-fields  contain  valuable  seams  of  argillaceous  iron  ore.  In  the 
Durham,  Lancashire,  Somersetshire,  and  other  minor  coal-fields,  the 
argillaceous  ores  exist  in  smaller  quantities,  and  produce  when  smelted 
crude  iron  of  an  inferior  quality. 

The  South  Wales  coal-field  stands  preeminent  for  the  number  and 
richness  of  its  seams  of  argillaceous  iron  ores.  The  aggregate  thickness 
of  the  seaqis  measures  twenty-one  feet.  The  average  percentage  of  metal 
in  the  ores  exceeds  thirty-two  per  cent.  We  subjoin  the  analyses  of  the 
ores  from  a  number  of  seams  wrought  by  the  Dowlais  Iron  Company, 
from  which  their  blast  furnaces  at  Dowlais  are  chiefly  supplied.  The 
Penydarran,  Plymouth,  and  Ehymney  furnaces  are  also  worked  with  the 
produce  of  the  same  seams. 

Analtbes  oftht  Principal  8eam9  of  ArgUlaeemu  Iron  Ore  in  the  South  WaUi  Coal-Field, 


1 

3 

8 

4 

5 

6 

7 

Carbonate  of  iron 

74.5 

86. 

77.1 

62. 

42.7 

59.5 

68.2 

Silica    .... 

14.5 

8.8 

15.9 

27.6 

42.7 

86.9 

21.6 

Alumina    .... 

8.8 

.2 

8.8   . 

7.8 

7.5 

1.9 

6.4 

Carbonaceoiu  matter     . 

— 

4.2 

1.8 

2.1 

2.8 

— 

8.8 

Lime         .... 

.8 

— 

.4 

— 

.1 

— 

— 

Moisture  and  Loss 

.6 

1.8 

1. 

.6 

1.4 

1.7 

1. 

Phosphoric  add 

Trace 

9 

— 

— 

2.8 

— 

— 

Manganese 

1.3 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

Percentage  of  metallic  iron 

S5.9 

41.46 

87.2 

29.5 

20.6 

28.7 

82.9 

These  analyses,  taken  from  the  centre  of  the  iron  manufacture  in  this 
district,  may  be  considered  as  fairly  representing  the  mean  composition 
of  the  Welsh  argillaceous  ores,  since  the  variation  at  other  workings, 
eastward  and  westward,  is  inconsiderable. 

The  richness  of  the  respective  seams  in  this  basin  is  influenced  by 
the  distance  between  them.  Thus,  where  two  or  more  seams  of  iron  ore 
exist  with  only  a  thin  pai*ting,  their  mean  percentage  will  be  found 
higher  than  that  of  seams  having  a  greater  thickness  of  ground  interposed. 
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The  general  character  of  the  associated  earths  is  influenced  by  the' 
composition  of  the  matrix,  and  also,  bnt  to  a  minor  degree,  by  the 
adjacent  seams  of  rock,  shale,  or  clod.  Seams  of  argillaceous  ore 
having  either  a  roof  or  bedding  of  siliceous  rock,  invariably  contain  a 
large  percentage  of  silica.  The  lowest  seams  of  ore,  as  they  approach 
the  mountain  limestone,  are  found  to  contain  a  notable  percentage 
of  lime,  a  substance  almost  entirely  wanting  in  the  richer  seams  of  the 
upper  series. 

On  analyzing  specimens  from  68  seams,  the  produce  of  which  is  used 
in  the  Dowlais  furnaces,  including  the  whole  of  the  argillaceous  ores  of  the 
north  outcrop,  we  found  that  47,  or  more  than  two  thirds  of  the  number, 
yielded  30  per  cent,  and  upward.  Two  seams  exceeded  38  per  cent., 
and  4  exceeded  37  per  cent.,  while  5  reached  to  36  per  cent.,  9  to  85  per 
cent*,  8  to  34  per  cent.,  8  to  33  per  cent.,  4  to  32  per  cent.,  3  to  31  per 
cent. ;  9  averaged  30  per  cent.,  and  3  seams  only  were  under  20  per  cent. 

The  South  Wales  basin  contains,  in  addition  to  the  workable  seams  of 
ironstone  enumerated,  several  seams  of  ore  yielding  a  low  percentage  of 
inferior  iron.  They  are  known  to  the  workmen  by  the  local  appellation 
of  "jacks"  or  coarse  ironstone.  They  are  never  used  when  the  quality 
of  the  resulting  metal  is  desired  to  be  good.  For  the  inferior  irons, 
however,  they  are  sparingly  employed  as  a  mixture  with  other  ores.  The 
general  composition  of  these  ores  is  represented  by  the  accompanying 
analysis  of  a  seam  wrought  by  the  Dowlais  Company : 

Carbonate  of  iron 27.8 

'*           lime 48.8 

Silica 10.9 

Alumina 10.6 

Carbonaceous  matter 1.0 

Moisture  and  loss 1.0 

100. 
Metallic  iron  12.7  per  cent 

The  Staffordshire  coal-field  contains  numerous  seams  of  argillaceous  iron 
ores,  from  which  the  blast  furnaces  of  the  district  derive  their  principal 
supply.  In  richness  they  are  slightly  inferior  tp  the  average  of  the  Welsh 
ores,  but  they  are  equal  to  them  in  the  quality  of  the  resulting  iron.  The 
analysis  of  a  very  rich  specimen  from  this  field,  obtained  near  Dudley, 
gave: 

Carbonate  of  iron 78.8 

"            Ume .  5.2 

*^           magnesia 4.7 

**           manganese  1.7 

Alumina 1.8 

Silica 6.6 

Phoflphorio  acid 2 

Garbonaceons  matter  and  loss 2.5 

100. 
Metallic  iron  87.7  per  cent 
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The  analysis  of  another  specimen,  more  nearly  representing  the  average 
yield  of  the  whole  of  the  seams,  gave : 


Carbonate  of  iron 
**  lime 


it 


62.8 

4.6 

magnesia 8.6 

manganese 2.1 

Almnina 6.6 

Silica 16.8 

Carbonaceous  matter 2.8 

Phosphoric  acid     .        .        • Trace 

Moisture  and  loss      .        • 2. 


100. 


Metallic  iron  29.3  per  cent 

The  Korth  Wales  coal-field  contains  seams  of  argillaceous  ore,  but  the 
average  yield  of  metallic  iron  does  not  on  the  raw  ore  exceed  25  per  cent. 

The  Derbyshire  coal-field  supplies  a  considerable  quantity  of  these 
ores,  but  the  product  is  generally  inferior  to  that  of  the  Welsh  ores. 
According  to  M.  Bunsen,  the  composition  after  calcination  of  those 
smelted  in  the  Alireton  famaces  was  as  follows : 

Peroxide  of  iron 60.242 

Silica 26.776 

Alumina 6.688 

Lime 8.610 

Magnesia 8.188 

Potash .743 

Manganese Traces 


100. 
Metallic  iron  41.7  per  cent 

The  Yorkshire  coal-field  contains  numerous  valuable  seams  of 
argillaceous  iron  ores,  and,  when  this  district  is  supplied  with  greater 
facilities  for  the  conveyance  of  the  manufactui*ed  iron  to  market,  it  is 
probable  that  the  make  will  be  largely  increased.  Looking  at  the  small 
percentage  of  clay  and  the  comparative  freedom  of  these  ores  from 
sulphur  and  phosphoric  acid,  this  district  will  no  doubt  eventually  pro- 
duce large  quantities  of  very  superior  iron.  We  annex  the  composition 
of  five  of  the  seams  under  the  manor  of  Healaugh  Swaledale,  according 
to  analyses  made  by  Dr.  Odling : 

Composition  of  Yorkshire  Argittace<ma  Iron  Ores. 


1 

2 

8 

4 

6 

mAir. 

Carbonate  of  iron    .... 

"            lime 
Silica  and  clay         .... 
Carbonate  of  magneoa 

*^           manganese  . 
Sulphur                      ) 
Carbonaceous  matter  v    . 
Moisture  and  loss       ) 

80.60 

8.48 

8.72 

.26 

Traces 

7.06 

70.80 

11.72 

10.72 

.63 

Traces 

6.13 

76.80 

4.72 

10.60 

Traces 

8.88 

79.00 

8.86 

10.80 

2.83 

66.69 

21.28 

6.16 

1.23 

6.74 

74.3 
9.9 
9.3 
.43 

.68 
6.44 

100. 

100. 

100. 

100. 

100. 

100. 

Yield  of  metallic  iron  . 

38.8 

84.17 

86.6 

88.1 

31.6 

86.8 
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The  Scotch  mineral  field  contains  large  quantities  of  argillaceous 
iron  ore.  Before  the  discovery  of  tlie  more  fusible  carbonaceous  variety 
these  ores  formed  the  chief  supply  of  the  blast  furnaces  in  this  district^ 
but  of  late  years  they  have  been  comparatively  neglected.  Their  great 
value,  however,  is  very  manifest  from  the  following  analyses  by  Dr. 
Ciolquhoun : 

C0MPO6ITION  ofSeoieh  Argillaceaui  Iron  Oru, 


1 

9 

8 

4 

6 

6 

7 

8 

Protoxide  of  iron 

85.22 

45.84 

42.16 

88.80 

86.47 

47.88 

48.78 

58.08 

Peroxide  of  iron 

1.16 

— 

.80 

.88 

.40 

.88 

.47 

.28 

GarboDie  acid    -. 

82.58 

88.68 

81.86 

80.76 

26.85 

83.10 

82.24 

85.17 

Prot  of  manganese 

— 

.20 

— 

.07 

.17 

.18 

— 

— . 

Lime 

8.62 

1.90 

4.98 

6.80 

1.97 

2.00 

2.10 

8.88 

Ifagneaia 

6.19 

5.90 

4.80 

6.70 

2.70 

2.20 

2.77 

1.77 

Silica 

9.56 

r88 

9.73 

10.87 

19.20 

6.68 

9.70 

1.40 

Alumina 

&.34 

2.68 

8.77 

6.20 

8.08 

4.80 

5.18 

.68 

Carbonac*8  matter 

2.18 

1.86 

2.88 

1.87 

2.10 

1.70 

1.60 

8.08 

Sulphur 

.62 

— 

— 

.16 

» 

.22 

.02 

— 

Moisture    . 

— 

.99 

— 

— 

— 

— 

— 

— 

100.8V 

100.68 

100.87 

101.06 

98.09 

97.94 

97.66 

98.59 

IHeld  of  met*c  iron 

28.4 

85.8 

88. 

80. 

28.4 

86.7 

84. 

40.9 

CABBONACEOUS  IBON  0BE8. 

The  most  valuable  seams  of  carbonaceous  iron  ores  hitherto  discovered 
belong  to  the  Scotch  coal-field.  The  thickness  of  the  seams  in  this 
field  varies  from  a  few  inches  to  several  feet.  It  is  observed,  however, 
that  the  thickest  seams  are  not  so  rich  in  metal  as  ithe  thinner,  and  as  a 
rule  the  quality  is  also  inferior.*  The  general  composition  of  the  richest 
of  the  Scotch  carbonaceous  iron  ores  will  be  seen  from  the  following 
analyses,  principally  by  Dr.  Colquhoun : 

Composition  of  Seoteh  Carbonaceous  Iron  Ore$. 


1 

8 

8 

Protoxide  of  iron-    .... 

68.08 

40.77 

58.82 

Peroxide  of  iron  .... 

.   #28 

2.72 

.28 

Carbonic  acid 

86.17 

26.41 

84.89 

Lime 

8.88 

.90 

1.51 

Magnesia 

1.77 

.72 

.28 

Silica 

1.40 

10.10 

2.00 

Alumina 

.68 

_ 

.... 

Carbonaceous  matter   . 

8.08 

17.38 

7.70 

Moisture 

Tield  of  metallic  iron  . 

1.41 

1.00 

100. 

100. 

100. 

41.2 

84.6 

41.6 

*  By  some  wrfters  these  ores  are  termed  **  carboniferous,"  by  others  "  blackband ;"  this  last  001^ 
lectly  designates  particular  seams  in  which  the  ore  alternates  with  thin  bands  of  ooaly  matter;  bul 
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From  the  results  of  experiments  we  are  led  to  believe  that  the 
quantities  of  carbonaceous  matter  given  in  these  analyses  are  below  that 
actually  existing  in  the  mass  of  the  Scotch  ores  of  this  kind.  The  varia- 
tion in  the  composition  of  these  ores  is  further  exemplified  by  the  fol- 
lowing analyses : 


1               9 

Carbonate  of  iron 

"            lime 

'*           magnet 

SiHca 

Alumina 

Peroxide  of  iron 

Coaly  carbonaceous  matter      .       ,       .       . 

Tield  of  metallic  iron 

85.44  1 
5.94  1 

8.71 ; 

1.40  ' 
.63  ! 
.28 

8.08 

29.08 

1.52 

8.69 

24.76 

20.10 

21.71 

100.88 

100.71 

41.8 

14. 

Seams  of  this  ore  exist  in  the  other  coal-fields,  but  generally  the 
produce  of  metal  is  not  equal  to  that  obtained  from  the  Scotch  varieties. 
In  the  Durham  district  carbonaceous  ores  are  wrought  to  a  limited  extent. 
The  North  Wales  field  contains  seams  of  this  mineral,  but  the  yield  is 
inferior.  In  the  North  StaflFbrdshire  district  this  ore  is  worked  to  a 
considerable  extent.    A  specimen  analysed  by  Herapath  gave : 

Protoxide  of  iron 42.26 

Bisulphide  of  iron 8.53 

Protoxide  of  manganese 7.48 

Silica 2.20 

Alumina  ...........  .60 

Lime 4.09 

Magnesia 2.60 

Bituminous  matter  ) 

Carbonic  add         y 87.85 

Water  and  loss 


1 


100. 


Metallic  iron  84.2  per  cent 

In  the  South  Wales  field  there  are  several  valuable  seams  of  car- 
bonaceous ores,  but  they  are  wrought  to  a  limited  extent  only  in  com- 
parison with  the  seams  of  th«  qther  ore.  A  general  dislike  to  them  exists 
in  the  Welsh  district  because,  from  a  want  of  sufficient  attention  to  their 

the  minority  of  these  ores,  though  abounding  largely  in  carbonaceous  matter,  do  not  exhibit  this 
stratification.  We  have  adopted  the  term  carbonaceous  as  being  more  comprehensive,  embracmg  as 
it  does  all  ores  containing  a  considerable  percentage  of  carbon.  We  may  also  remark  that  from  in- 
attention to  the  appearance  of  the  respective  ores  we  frequently  observe  writers  using  ^^clayband  ' 
for  "argillaceous"  iron  ore,  thereby  leading  the  uninformed  reader  to  the  erroneous  conclusion  that 
the  clay  exists  in  these  ores  in  the  form  of  thin  bands  similar  to  the  coaly  matter  combined  with  par- 
ticular seams  of  carbonaceous  ore,  instead  of  being  equally  diaseminatcd  through  the  entire  mass. 

In  Scotland  some  of  the  beds  of  carbonaceous  ironstone  are  known  as  Muahef  s  blackband,  after 
the  late  Mr.  Mushet,  to  whom  the  merit  of  discovering  this  iron  ore  is  due.  But  it  was  not  till  aboul 
1S80  that  it  began  to  be  eztendvely  used  in  smelting. 
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peculiar  composition,  a  crude  iron  is  obtained,  when  they  form  the  entire 
burden  on  the  furnace,  generally  of  an  inierior  description,  and  incapable 
of  being  converted  into  bars  without  great  waste. 

At  the  Beaufort  works  tliree  seams  of  carbonaceous  ore,  measuring  in 
the  aggregate  3  feet  6  inches  in  thickness,  and  yielding  34  per  cent,  of 
metal,  have  been  partially  wrought  for  the  furnaces.  A  seam  at  the 
Blaina  workings  averages  38  per  cent,  of  metal,  but  at  the  Nantyglo  work- 
ings in  the  same  valley  the  yield  is  only  13  per  cent. 

In  the  western  part  of  this  coal-field  the  Cwm  Afon  carbonaceous  ore 
yields  22  and  the  Oakwood  21  per  cent.  At  the  Yniscedwyn  workings  this 
ore  yields  86  per  cent.  From  these  statements  it  will  be  seen  that  the 
variation  in  the  yield  of  the  carbonaceous  iron  ores  of  this  basin  is  greater 
than  in  the  Scotch,  and  we  may  remark  that  the  development  of  the  seams 
is  more  local  and  irregular. 

The  composition  of  a  number  of  seams,  principally  those  wrought  by 
the  Dowlais  Company,  may  be  seen  in  the  annexed  table  of  analyses : 

Composition  of  WeUh  Carbonaceous  Iron  Orei, 


1 

1 

9 

8 

4 

6 

6 

Carbonate  of  iron    .... 

68.9 

81.6 

92.8 

29.0 

79.8 

80.0 

Carbonaceous  matter  . 

81.8 

11.4 

6.8 

28.0 

10.1 

9.6 

Carbonate  of  lime    .... 

.7 

^ 

— . 

.2 

•6 

.2 

Silica 

8.6 

2.9 

.7 

82.4 

6.1 

8.2 

Alumina 

8.9 

1.7 

1.1 

14.6 

2.4 

1.0 

Bisulphide  of  iron 

1.0 

~~ 

— 

~~ 

.8 

— 

M oistare  and  loss    .... 

.7 

2-4 

.1 

.8 

1.2 

1.1 

• 

100. 

100. 

100. 

100. 

100. 

100. 

Tleld  of  metallic  iron  . 

28.8 

89.8 

44.7 

14. 

88.4 

88.6 

OALCABEOU8  OtON  0BB8. 

« 

The  calcaraeons  iron  ores,  or  the  sparry  carbonate  of  iron,  are.  prin- 
cipally obtained  from  workings  in  the  carboniferous  or  mountain  lime- 
stone. In  the  Forest  of  Dean  large  quantities  of  these  ores  have  been 
mined  and  smelted  in  the  local  works ;  and  more  recently  considerable 
quantities  have  been  carried  away  and  smelted  along  with  the  argillaceous 
iron  ores  in  the  iron  works  of  Glamorganshire.  These  ores  are  also 
wrought  from  large  deposits  in  Lancashire  and  Cumberland,  whence  they 
are  principally  transported  to  Wales,  and  to  a  minor  extent  to  Stafford- 
shire, Yorkshire,  and  Scotland.  The  carboniferous  limestones  of  Derby- 
shire, Somersetshire,  and  South  Wales  contain  deposits  which  are  occa- 
sionally wrought  to   a  limited  extent ;  but  it  is  from  the  Dean  Forest, 


g  MANUFACTURE   OF   IRON. 

Lancashire,  and  Cumberland  mines  that  the  chief  supply  is  at  present 
obtained. 

By  analysis  we  find  that  the  average  composition  of  the  calcareous  ores 
of  Dean  Forest  is  nearly  as  follows : 

Peroxide  of  iron  .  .  .  .  .64. 

Carbonate  of  lime       ...•••  85. 

Clay 7. 

Moifltore         ••..•.•  4. 

100. 
Metallic  iron  87.5  per  cent 

This  result  will  probably  seem  a  low  yield  to  persons  who  use  cal* 
careous  ores  in  mixture  with  others ;  but  from  numerous  assays,  as  well 
as  experimental  trials  in  the  blast  furnace,  we  find  that  it  represents  the 
produce  of  the  mass  of  these  ores.  When  the  specimens  have  been 
carefully  selected  we  have  found  the  produce  higher,  as  in  the  following 
example  from  the  same  locality : 

Peroxide  of  iron  .......  67.0 

Carbonate  of  lime      ......  24.8 

Clay 6.6 

Moisture         .......  2.2 


100. 
Metallic  iron  46.5  per  cent 

In  contrast  with  the  preceding  analysis  we  annex  the  produce  of  a 
calcareous  ore  offered  by  the  vendors  as  containing  a  large  percentage 
of  iron : 

Peroxide  of  iron  .  .  .  .  .  .  .10.1 

Carbonate  of  lime      ......  62.5 

CltLj 84.4 

Moisture         .......  8.0 


100. 
Metallic  iron  7  per  cent 


SILICEOUS  ORES. 


The  red  hematites  of  Lancashire  and  Cumberland  are  probably  the 
richest  ores  of  iron  that  we  possess  in  this  country.  Although  their 
extensive  use  in  the  blast  Aimace  with  coke  or  raw  coal  dates  but  a  few 
years  back,  they  are  now  largely  mined.  And  when  the  resulting  crude 
iron  is  intended  for  conversion  into  malleable  bars,  they  are  advan- 
tageously smelted  along  with  the  leaner  argillaceous  ores.  Probably 
the  time  is  not  distant  when  these  ores  will  be  largely  smelted  without 
the  admixture  of  the  leaner  varieties. 

By  analysis  we  find  the  average  produce  of  the  ore  from  Ulverstone, 
Lancashire,  to  be  nearly  as  follows : 


* 
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Peroxide  of  iron  .           .           •           .  •                      •    70.6 

SiUca                         .           .           .            .  •                       27.9 

Alnmina  .  .        .6 

Lime              .           •            •           •           .  •              .8 

Sulphur    ......  .        .4 

MagnefflA       .....  .2 

Phosphoric  acid   .           .           ,           .  .                       .        .1 

100. 
Metallic  iron  49  per  cent 

This  we  consider  to  be  about  the  average  yield  of  the  red  hematites. 
Some  varieties  of  this  ore  will  produce  a  greater  yield  of  metal,  but 
taking  the  average  of  a  cargo  as  it  comes  from  the  mines  the  yield  will 
not  reach  50  per  cent. 

The  analysis  of  a  selected  specimen  from  the  same  locality  gave  the 
following  results : 

Peroxide  of  iron  .......    81.6 

Silica  ■  .  .  .  .  .  .  .  10.2 

Alumina  ........      6.0 

Moisture        .....  .8.0 

Lime       ........        .2 

100. 
Metallic  iron  66.6  per  cent 

But  the  analysis  of  a  third  sample  taken  promiscuously  from  various 
parts  of  a  cargo  gave  a  lower  result  than  either  of  the  foregoing,  the 
quantities,  viz. : 

Peroxide  of  iron  .......    60.4 

Silica  ........         17.2 

Alumina  ......  .6.8 

Carbonate  of  lime       ......  7.9 

Moisture  ........      7.7 

100. 
Metallic  iron  41.8  per  cent 

limited  quantities  of  hematite  have  been  wrought  in  the  Somersetshire 
carboniferous  limestone.  The  following  is  an  analysis  of  a  very  rich 
specimen  from  near  Bristol : 

Peroxide  of  iron           ......  86.000 

Alumina     .......  6.250 

SiUca    .            .            .            .            .            .            .            .  8.304 

Lime          .......  1.087 

Magnesia         .......  1.458 

Oxide  of  manganese           .....  1.601 

Sulphur            .......  .210 

«               Phosphoric  acid      .*....•  .457 

Potash,  soda,  water,  and  loss    .            .           .           .           .  .638 

100. 
Metallic  iron  68.9  per  cent 

Cornwall  and  Devonshire  produce  considerable  (quantities  of  hematite, 
but  the  average  produce  of  metal  of  the  ores  from  these  counties  is  not 
equal  to  that  from  the  Lancashire  and  Cumberland  ores. 

A  piece  of  hematite  ore  from  the  Duchy  mines,  Cornwall,  yielded 
by  analysis : 


10 


MANUFACTURE   OF   IBOK. 


Peroxide  of  iron 

Silica 

Lime 
HagnesU 
Phosphoric  acid 
Manganese 


.    57.06 

28.40 

.      7.32 

7  29 

.      4.22 

.86 

.86 

100. 


Metallic  iron  89.6  per  cent 

This  we  consider  superior  to  the  average  produce  of  the  Cornish 
ores,  which  do  not  generally  yield  more  than  36  per  cent,  for  ordinarily 
clean  ores. 

Another  specimen  of  Cornish  ore,  the  richest  in  metal  that  we  have 
operated  on,  when  analysed  gave  the  following  results : 

Peroxide  of  iron  .  .  .  .  .86.62 

Silica 

Manganese 


Water  and  loss 


1.86 

.86 

12.17 


100. 


Metallic  iron  60  per  cent 

The  clay  slate  formation  of  North  Wales  yields  a  variety  of  iron  ores 
of  greater  or  less  value  for  iron-making.  The  analysis  of  a  specimen  from 
Carnarvonshire  gave  the  following  results  : 


Peroxide  of  Iron  . 

Water 

Clay 

Lime . 


79.5 

7.0 

18.4 

.1 


100. 


Metallic  iron  65  per  cent 

The  analysis  of  a  selected  specimen  of  iron  ore  from  Merionethshire 
yielded : 

Peroxide  of  iron  .......     71.6 

Clay  ........  18.8 

Water  .  .  .  .  *         .  .6.6 

Carbonaceons  matter  ......  8.0 


100. 


Metallic  iron  49.6  per  cent 

The  analysis  of  three  other  specimens  of  the  Carnarvonshire  ores,  made 
by  Dr.  Haughton,  will  show  the  varied  composition  of  the  North  Wales 
hematites : 


1 

9 

8 

Protoxide  of  iron     . 

82.90 

88.24 

49.92 

Peroxide  of  iron  *.        .        .        . 

84.14 

25.29 

5.92 

Silica 

12.90 

18.00 

2.62 

Alumina 

8.66 

7.09 

8.12 

Lime 

6.00 

1.85 

6,87 

Magnesia 

Phosphoric  acid       .... 

Sulphur 

Loss  by  calcination  .... 

Metallic  Iron       .... 

1.00 

2.26 

.25 

7.90 

1.82 
18.21 

4.46 
28.10 

100. 

100. 

100,00 

49.0 

48.1 

42.5 

IRON  ORSa 
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The  use  of  siliceous  ores  in  large  quantities  in  the  blast  furnace,  with 
coal  or  coke  as  fuel,  has  been  much  increased  bj  the  discovery  of  exten- 
sive deposits  of  these  ores  in  Northamptonshire  and  Yorkshire.  The  com- 
paratively low  cost  at  which  they  are  mined,  taken  with  the  large  per- 
centage of  iron  which  the  best  varieties  yield  when  carefully  selected,  will 
probably  operate  as  an  inducement  for  their  more  extended  use  in  the 
manufacture  of  particular  qualities  of  crude  iron*.  Hitherto  a  prejudice 
has  existed  against  the  use  of  these  ores  otherwise  than  as  a  mixture,  from 
certain  peculiarities  displayed  by  the  finished  iron.  But,  doubtless,  when 
their  properties  become  better  understood  and  they  are  reduced  in  suit- 
ably constructed  furnaces  with  raw  coal,  they  will  yield  crude  iron  which 
may  be  manufactured  into  bars  little  inferior  to  those  now  obtained  from 
the  argillaceous  ores. 

The  general  composition  of  the  Northamptonshire  ores  is  shown  in  the 
following  analysis  by  Bernays,  of  Derby,  of  the  ores  mined  by  the  Duston 
Company : 


1 

8                8 

1 

Peroxide  of  iron     .... 

Sand  and  silica   . 

Alumina         ..... 

Water 

Uneetimated  matter 

Tield  of  metalllo  iron  . 

67.20 
11.00 
11.00 
10.40 
.40 

68.40        44.00 
21.60        84.00 

6.20  4.62 
12.00        14.08 

2.80  ,        8.40 

100. 

100.           100. 

47. 

40.8          80.8 

On  analysing  portions  of  a  sample  obtained  at  different  periods  during 
the  dilivery  of  a  large  contract,  we  found  the  average  composition  of  the 
ores  from  the  Northamptonshire  district  to  be  nearly  as  follows  : 


Peroxide  of  iron  . 
Carbonate  of  lime 

**  magnesia 

Protoxide  of  manganese 
Silica 
Alumina 


•  «  • 

•  *  • 


64.6 
19.8 

4.0 

.6 

10.8 

2.1 


Water 9.2 


Metallic  iron  87.8  per  eent. 
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SECTION  L 

FUEL    AND    FLUX. 

The  fossil  fuel  with  which  this  country  abounds  is  now  exclusively 
used  in  all  the  various  operations  connected  with  the  manufacture  of  iron. 
Charcoal,  which  was  once  considered  as  the  only  fuel  with  which  good 
merchantable  iron  could  be  manufactured,  is  now  from  its  high  price  and 
scarcity  only  used  for  the  conversion  of  malleable  iron  into  plates  and  bars 
for  tinning,  and  other  purposes  where  a  very  superior  quality  of  metal  is 
desired. 

The  South  Wales  basin  is  at  present  that  from  which  the  largest 
quantity  of  coal  is  being  extracted  and  used  in  the  iron  manufacture,  and 
its  great  area  and  the  superiority  of  its  products  over  those  obtained  from 
any  other  formation  in  this  country  will  doubtless  enable  it  to  maintain  this 
position  for  several  centuries  to  come.  It  possesses  coal  of  nearly  every 
quality  with  which  we  are  acquainted.  On  the  eastern  side  the  seams 
are  generally  of  a  bituminous  character.  Farther  west  following  the 
northern  out-crop  we  find  them  semi-bituminous,  as  at  the  Ehymney> 
Dowlais,  and  Penydarren  works ;  and  in  the  Neath  Valley  on  the  wes- 
tern out-crop,  we  find  the  different  seams  changed  into  anthracite.  In 
the  central  portion  of  the  basin,  seams  of  a  highly  bituminous  description 
are  worked  and  used  to  a  limited  extent  in  smelting. 

That  characteristic  of  the  Welsh  coals  which  distinguishes  them  from 
all  others,  is  the  large  amount  of  carbon  they  contain.  In  smelting  as 
well  as  in  the  other  operations  of  the  manufacture  of  iron,  the  useful  effect 
of  coals  of  the  bituminous  and  semi-bituminous  classes  is  in  direct  propor- 
tion to  their  richness  in  carbon..  The  Welsh  coals  used  in  the  blast  fur- 
nace ordinarily  yield  from  80  to  92  per  cent,  of  carbon 

On  the  north-eastern  side  of  the  basin  near  Pontypool,  were  the  coal  is 
of  a  bituminous  kind  and  is  coked  for  use  in  the  blast  furnace,  an  analysis 
gave  the  following  results : 
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OBrbon    .••«••••  80.4 

Hydrogen      ••..•••  6.7 

Oxygen    .••.•••.  6.8 

Nitrogen        .•....•  1.2 

Sulphur    ........  .9 

Earthy  matter            ......  6.6 

100. 

Specific  gravity  1.29.  Yield  of  coke  66  per  cent.  The  earthy  mat- 
ters show  the  proportion  of  ash. 

At  the  Dowlais  works  raw  coal  is  used  both  in  smelting  and  refining. 
The  composition  of  the  upper  four-feet  seam— which  is  considered  the  best 
for  smelting  the"  various  seams  in  the  Dowlais  mountain— is  nearly  aa 
follows — ^the  specific  gravity  being  1.30 : 

Carbon     ........    87.8 

Hydrogen      .......  4.9 

Oxygen    .  .  .  .  .  .  .  .8.8 

Nitrogen         .......  1.7 

Sulphur    ........        .2 

Eaxihy  matter  ......  2.1 

100. 
Yield  of  coke  84  per  cent 

Another  seam  wrought  by  the  Dovj^lais  Company,  but  which  is  not 
considered  a  good  fiimace  coal,  yielded : 

Carbon     .  •  .  •  •  .  .  •    90.0 

Hydrogen      .  •  .  .  .  .  •  8.8 

Oxygen    .  .  .  .  •  .  .  .8.2 

Nitrogen        .......  .8 

Sulphur    .  .  .  .  .  .  .  .1.8 

Earthy  matter  ......  1.4 

100. 

The  thick  coal  wrought  for  the  Hirwain  furnaces,  directly  on  the  edge 
of  the  great  anthracite  formation,  yielded  by  walysis : 

Carbon     .....            i            .            .  87.2 

Hydrogen      .......  4.0 

Nitrogen              .......  1.6 

Sulphur          ••.....  .7 

Oxygen    ........  2.0 

Earthy  matter           ......  4.4 

99.8 

The  anthracite  district  on  the  western  out-crop  yields  coal  of  a  su- 
perior description  for  smelting.  An  analysis  of  a  specimen  from  the 
Swansea  Yalley,  intended  as  a  sample  of  the  quality  of  the  coals  used  in 
the  Tniscedewyn  and  Ystalyfera  works  (the  two  largest  works  in  the 
anthracite  district),  afforded  the  following  results : 

Carbon     ........  91.6 

Hydrogen      .......  8.6 

Oxygen    ........  2.6 

Sulphur          ...                        ...  .6 

Nitrogen ........  .8 

Earthy  matter           .••••.  1.6 

100. 
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The  specific  gravity  of  thiB  coal  is  1.38,  and  the  produce  of  coke 
93  per  cent. 

The  Staffordshire  coal-field,  although  inferior  in  extent  to  the  South 
Wales,  contains  a  number  of  seams  with  which  iron  of  an  excellent  quality 
has  been  manufactured.  Their  compositions  itnd  qualifications  for  use  in 
the  blast  famace  differ  but  slightly  from  those  of  the  bituminous  coals 
from  the  eastern  side  of  the  "Welsh  basin. 

The  bituminous  coals  used  in  the  minor  iron-making  district  of  Dean 
Forest,  Shropshire,  Derbyshire,  North^  Wales,  Yorkshire,  and  Northum- 
berland, are  of  a  weaker  character  than  the  Welsh,  and  contain  consider- 
ably less  carbon.  The  proportion  which  it  bears  in  the  composition  of 
these  coals  being  from  56  to  75  per  cent.,  and  the  yield  of  coke  from  56  to 
75  per  cent. 

According  to  the  analysis  of  Messrs.  Bunsen  and  Playfair,  the  Alfre- 
ton  Derbyshire  furnace  coal  is  composed  of : 

Carbon   ........  74.98 

Hydrogen      .......  4.78 

Oxygen  ........  10.01 

Nitrogen        .......  .18 

Water    ........  7.49 

Silica      )    .  .            .            .            .            .            .            .  2.61 

Potash   f  -^^ 07 

100.7 

The  Newcastle  blast  furnace  coal  yielded  by  analysis : 

Carbon     ..««■•...  78.0 

Hydrogen       .......  7.8 

Nitrogen  ........  1.6 

Oxyeen           .......  2.8 

Sulphur    ........  1.6 

Earthy  matter            ......  8.2 

100. 

The  best  furnace  coals  wrought  in  Yorkshire  yielded  by  analysis : 

Carbon     ........  78.8 

Hydrogen       .......  6.6 

Nitrogen  ........  2.0 

Oxygen           .......  6.4 

Sulphur    ........  2.7 

100. 

The  coals  obtained  from  the  Scotch  fields  and  employed  for  iron-making 
are  also  poor  in  carbon  in  comparison  with  the  Welsh.  Tliey  yield  about 
60  per  cent,  of  weak  coke.  At  the  present  time  the  Scotch  coals  are,  with 
one  or  two  exceptions,  used  in  the  raw  state  in  the  blast  furnace.  By 
analysis  we  find  the  composition  of  thiB  coals  used  at  the  Gartsherry  fur- 
naces to  be  nearly  as  follows : 
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Carbon    ;  .  .  .      .     .      .     «  ...    77.6 

Hydrogen       .  .   • .      .  .  .  ,  5.0 

Oxygen    .....  ....  •  .9.1 

Sulphur  . .  .6 

Nitrogen  ...  ...  .  .1.6 

Earthy  matter  ......  6.4 

100. 

limestone  is  the  flux  almost  uniyersallj  used  in  the  blast  furnace.  At 
some  furnaces  in  the  neighbourhood  of  Newcastle-upon-Tyne  chalk  is 
occasionallj  made  use  of,  but  that  is,  we  believe,  the  only  locality  where  it 
is  so  employed.  The  occurrence  of  limestone  in  conjunction  with  iron  ore 
and  coal,  and  the  cheap  rate  at  which  it  is  generally  to  be  obtained,  are 
advantages  which  no  other  material  hitherto  discovered  possesses. 

The  limestone  used  in  the  works  in  South  Wales  and  Monmouthshire 
Ues  but  a  short  distance  below  the  seams  of  coal  and  ironstone,  and  in 
some  parts  of  the  out-crop  it  is  of  immense  thickness.  The  blue  mountain 
limestone  from  the  upper  part  of  the  formation,  as  used  at  the  Dowlais 
furnaces,  yielded  by  analysis : 

Carbonic  acid  and  water  .  .  .  .  .41.0 

Clay    ........  1.6 

Silica       ........       2.6 

Lime  .......  65.0 


100. 

In  Staffordshire,  Dean  Forest,  and  the  other  iron-producing  districts  of 
England,  the  limestone  formation  is  much  thinner,  and  the  stone,  judg- 
ing jfrom  its  yield  of  pure  lime,  which  constitutes  its  value  for  iron-mak- 
ing,  is  inferior  in  quality  to  that  from  the  quarries  around  Merthyr 
Tydvil.  In  some  specimens  from  the  Forest  of  Dean  the  quantity  of  lime 
is  as  low  as  36  per  cent.,  while  the  proportion  of  silica  and  clay  rises  as 
high  as  30  per  cent,  of  the  whole.  Such  stone,  however,  is  not  used  in 
the  furnaces  when  any  other  containing  a  larger  per-centage  of  the  alka- 
line earth  can  be  obtained  at  a  remimerative  price. 

The  composition  of  the  chalk  used  as  a  flux  in  the  Newcastle  furnaces 
is  nearly  as  follows : 

Carbonic  acid  and  water  ......    47.0 

Silica  .......  1.5 

Lime        ........     51.6 

100. 

From  containing  so  large  a  proportion  of  lime,  chalk  is  well  fitted  to 
act  as  a  flux  in  iron  smelting,  but  as  it  is  only  met  with  at  considerable 
distances  from  the  great  iron-making  districts,  it  becomes  a-costly  material 
as  compared  with  ordinary  limestone. 

The  limestone  used  at  the  Alfretou  furnaces  yielded  in  the  hands  of 
M.  Bunsen : 
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Lime                   .           •           •           •  •  .    64.4 

Carbonic  add  .           .           .           .'  .           •         42.9 

Magnesia .                                 •           .  .  •           •       .6 

Alumina  ...•■•  •            •             .8 

Moisture  and  loss                        •  .1.8 

100. 

The  limestones  used  at  the  Scotch  blast  furnaces  are  extremely  varied 
in  their  character  and  general  composition.  The  purest  specimen  we 
have  examined  contained : 

Lime        ........  66.0 

Carbonic  acid             ......  89.7 

Almnina  ........  .6 

Dilica  ........  .7 

Iron         .           •                       .....  1.0 

Moifltnre        .•••••.  8.1 

100. 


SECTION  n. 

CALCINATION    OF    OBES. 

ExPEBiENOS  proves  to  us  that  the  ores  used  in  the  manafactnre  of  iron 
w'ork  better  in  the  blast  furnace  if  previously  calcined.  This  preliminary 
operation  is  performed  in  various  ways,  but  in  Wales  kilns  are  generally 
used  for  this  purpose.  These  kilns  vary  greatly  in  their  demensions.  The 
most  satisfactory  results  are  obtained  with  kilns  of  the  description  delinea- 
ted in  Plate  L,  Figs.  1 — ^5.  The  floor  of  the  kiln  is  formed  of  cast-iron 
plates,  about  2  inches  thick.  The  interior  measures  20  feet  long,  9  feet 
wide  at  top,  and  18  feet  high.  It  is  built  of  masonry,  and  lined  with  fire 
bricks  14  inches  long.  In  front  are  two  arches  with  openings  into  the 
inside  of  the  kiln,  on  a  level  with  the  floor,  through  which  the  calcined 
ore  is  drawn  and  filled  into  barrows  or  waggons  for  the  furnace.  Above 
these  openings,  but  within  the  semicircle  of  the  arch,  it  is  usual  to  leave 
four  or  five  apertures,  6  or  8  inches  square,  for  regulating  the  draught. 
Around  the  upper  edge  of  the  kiln  there  is  placed  a  cast-iron  ring  from  12 
to  15  inches  wide,  with  a  flange  about  6  inches  high  on  the  upper  side  to 
protect  the  brickwork  from  injury  during  the  filling  in  of  the  raw  iron- 
stone. 

At  some  works  the  kilns  are  of  a  circular  form  in  the  interior ;  at 
others  they  are  built  square  and  sharp  in  the  angles,  but  preference  is 
generally  given  to  the  form  represented  in  the  plates.  Square  kilns,  or 
those  having  sharp  angles  in  their  interior,  are  objectionable  on  the 
ground  that  combustion  is  slower  in  the  angles  than  in  the  centre.  If  the 
heat  be  regulated  to  properly  calcine  the  centre  of  the  mass,  the  stone 
lying  in  the  angle9  will  scarcely  have  altered  from  its  raw  state. 

The  operation  of  calcining  in  kilns  may  be  described  thus :  Two  or 
three  small  coal  fires  having  been  lit  on  the  fioor  of  the  kiln,  raw  iron- 
stone is  placed  on  top  and  around  them  until  the  whole  of  the  fioor  is 
covered  with  ironstone  at  a  duU  red  heat.    A  fresh  layer  of  ironstone,  8 

or  9  inches  thick,  is  then  added,  along  with  about  5  per  cent,  by  weight 
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of  Bmall  coal,  and,  as  soon  as  this  layer  has  reached  a  red  heat,  another  is 
added.  This  addition  of  fresh  layers  of  raw  ironstone  and  coal  is  repeated 
as  fast  as  the  previous  layers  have  been  heated  to  the  necessary  degree. 

As  a  consequence  of  the  small  quantity  of  coal  used  in  the  process,  by 
the  time  that  the  kiln  is  filled  up  with  the  successive  layers  of  raw  iron- 
stone, the  lower  portions  which  were  first  ignited  are  comparatively  cold 
and  fit  for  drawing. 

Li  Scotland  and  in  Staffordshire  the  calcination  of  the  ironstone  is  gen- 
erally effected  in  the  open  air.  A  space  is  roughly  levelled,  on  which  a 
stratum  of  coal  of  a  few  inches  in  thickness  is  laid,  upon  this  a  layer  of 
raw  ironstone  of  10  or  12  inches  in  thickness  is  pladed,  and  then  a  quantity 
of  small  coal  is  thrown  over  the  stone.  Additional  layers  of  ironstone  and 
coal  are  added  until  the  heap  reaches  the  height  of  4  or  5  feet.  The  bot- 
tom stratum  of  coals  is  then  fired,  and  in  a  few  hours  the  whole  mass  will 
be  ignited.  The  operation,  from  the  time  of  firing  till  the  heap  has  cooled 
down  suflSciently  for  drawing,  will  occupy  from  eight  to  twelve  days, 
depending  on  the  nature  of  the  stone,  quantity  and  quality  of  fuel,  and 
size  of  the  heap. 

Calcination  in  the  open  air  is  also  carried  on  to  a  limited  extent  in 
some  Welsh  works,  the  operation  being  there  known  as  burning  in 
"  clamp,"  in  contradistinction  to  burning  in  kilns.  The  method  of 
building  and  firing  these  clamps  is  nearly  the  same  as  that  pursued 
in  the  Scotch  works. 

Upon  the  merits  of  these  two  systems  of  calcination  there  can  be 
but  one  opinion.  For  if  we  admit  that  calcining  is  a  necessary  operation 
before  ironstone  enters  the  blast  furnace — and  there  are  few  practical 
men  indeed  who  question  its  utility — ^we  must  concede  to  the  kiln  the 
merit  of  performing  it  more  effectually  than  can  be  done  in  the  open 
air.  Under  the  clamping  system,  even  if  the  operation  has  been 
otherwise  successfully  performed,  the  outside  stones  are  only  partially 
burnt.  But  the  great  defect  of  the  system  is  the  difficulty  experienced 
in  maintaining  an  equable  temperature  throughout  the  heap.  Being 
open,  and  exposed  on  all  sides  to  the  weather,  air  draughts  are  created, 
and  the  adjacent  stones  are  not  nnfrequently  melted  into  a  hard  refractory 
mass.  When  such  a  result  threatens  any  portion  of  the  heap  attempts 
are  made  to  check  the  draught  in  that  quarter ;  and  if  successfully, 
the  changing  direction  of  the  wind  will  probably  bring  on  the  evil 
in  other  places.  Again,  should  heavy  rains  occur  during  the  burn- 
ing, a  considerable  portion  of  the  whole  heap  will  be  found  but  slightly 
affected  by  the  operation,  on  account  of  the  great  surface  exposed  to 
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the  atmosphere,  compared  with  the  bulk  of  the  heap.  Indeed,  when 
we  consider  tlie  rapidity  of  atmospheric  changes  in  this  country,  and 
the  extent  to  which  the  calcination  of  ironstone,  conducted  on  the 
open-air  plan,  is  affected  by  them,  it  is  a  matter  of  surprise  that  such 
an  inefficient  process  should  be  in  use  at  so  many  old-established  works. 

We  do  not  know  of  any  advantage  possessed  by  the  open-air  system 
over  that  of  kilns,  beyond  the  simple  one  that  it  saves  the  expense  of 
erecting  any  kind  of  apparatus.  But  this  saving  in  the  first  outlay  of 
capital  is  very  small  in  comparison  with  the  benefits  that  would  follow 
from  the  use  of  mineral  kilns.  The  first  cost  of  the  kiln  delineated  in 
Plate  L  will  not,  in  most  iron-making  districts,  exceed  160Z.  Its  capacity 
is  equal  to  70  tons  of  argillaceous  ironstone.  With  ordinary  attention 
it  will  calcine  146  tons  weekly,  or  7592  tons  annually.  Dividing  the 
interest  at  5  per  cent,  on  160Z.,  which  equals  SI.  by  the  number  of  tons 
calcined  annually,  we  obtain  one  farthing  as  the  cost  entailed  on  each  ton 
of  ironsfone  calcined  to  cover  the  outlay  of  capital  in  the  erection  of  kilns. 

But  if  the  open-air  system  saves  this  slight  outlay  to  the  manufac- 
turer, it  is  by  far  the  more  expensive  of  the  two  systems  in  the  matters 
of  labour  and  fael.  And  here  we  may  remark  that  in  this  as  in  other 
cases  the  prices  or  items  of  cost  given  are  such  as  have  actually  been  paid 
at  the  Dowlais  works,  where  the  two  methods  have  been  tried  on  a  larger 
scale  than  at  any  other  place. 

With  kilns  the  expense  of  labour  in  tipping  and  fiUing-in  the  ironstone 
and  small  coal  is  barely  one  penny  a  ton.  Small  coal  only  is  necessary 
for  the  operation,  and  the  quantity  used,  if  of  an  average  quality,  is  1  cwt. 
to  the  ton  of  ironstone.  But,  working  on  the  open-air  plan,  the  cost  of  the 
labour  expended  in  stacking  and  arranging  the  heaps,  and  in  subsequently 
watching  them  during  the  time  they  are  under  fire,  amounts  to  fourpence 
per  ton  on  the  raw  stone.  The  consumption  of  coal  will  average  2  cwt.  of 
small  and  half  a  cwt.  of  large  to  each  ton  of  ironstone.  Estimating  the 
small  to  be  worth  2s.  6d.,  and  the  large  6s.  per  ton,  the  cost  of  calcining 
the  common  argillaceous  ores  in  kilns  will  stand : 

InKUns. 

d. 
Labour  in  filling,  &c      .  .1 

Small  ooal,  1  cwt  at  28.  6d.  per  ton  H 

Interest  on  capital  laid  out  on  kilns       •    o} 

Total  cost  .  2f 

Cost  of  calcining  in  clamps 
**  "         kilns 

Difference  In  fliyonr  of  kilns  •  •  •  .  .6 


In  Clamp9, 

d. 
.    4 
8 

.     1* 

Labour  in  stacking,  &o. 

Small  coal,  2  cwt.  at  28.  6d.  a  ton    . 

Large  coal,  |  cwt  at  68.  a  ton  . 

Total  cost  . 

8f 

d. 

«...      ^x 

21 

20  MAKUFAOTUBE   OF   IRON. 

A  difference  of  sixpence  per  ton  on  the  cost  of  preparing  an  ironstone 
yielding  32  per  cent,  of  iron  is  equal  to  one-seventh  nearly  on  the  ton  of 
pig-metal.  Independently,  however,  of  this  saving,  the  effectaal  manner 
in  which  kilns  perform  the  operation  of  calcination  enables  the  ironstone  to 
be  worked  in  the  blast  furnace  with  less  fuel,  and  the  resulting  metal  is  of 
a  better  quality. 

The  carbonaceous  ironstone,  or  black  band  of  Scotland,  is  calcined  in 
large  heaps  by  a  process  similar  to  that  pursued  with  argillaceous  iron- 
stone. The  operation  is  generally  performed  at  the  mouth  of  the  pit 
From  the  large  per-centage  of  carbon  contained  in  this  stone,  calcination  is 
effected  without  using  more  fuel  than  is  sufficient  to  ignite  the  mass  at  one 
or  more  places,  and  consequently  is  effected  at  a  comparatively  cheap  rate 
for  the  open-air  plan.  All  the  disadvantages,  however,  belonging  to  this 
system  which  result  from  exposure  to  the  ever-varying  changes  of  the 
atmosphere,  show  themselves  even  more  prominently  when  carbonaceous 
ironstone  is  being  calcined.  From  the  comparatively  low  tempehiture  at 
which  the  metal  in  carbonaceous  ironstone  melts,  it  is  a  common  occur- 
rence to  find  thin  plates  of  metallic  iron  wherever  slight  wind-draughts 
have  existed.  Other  parts  of  the  heap  will  probably  be  found  cohering 
together  with  a  tenacity  requiring  the  use  of  steel  wedges  for  their  separa- 
tion. In  one  instance  which  came  under  our  notice  the  heap  of  ironstone 
had  been  raised  to  the  height  of  20  feet,  with  a  breadth  and  length  in  pro- 
portion. It  was  fired,  and  allowed  to  bum  for  some  weeks ;  when  suf- 
ficiently cooled  down,  the  operation  of  filling  it  for  the  blast  furnace  com- 
menced. A  small  portion,  about  one-fourth,  was  got  out  without  much 
difficulty,  but  the  remainder  of  the  heap  was  found  adhering  together  in 
such  immense  masses  that  they  had  to  be  blasted  with  gunpowder  by  ex- 
perienced quarrymen  to  reduce  them  to  manageable  dimensions.  Even 
then  the  lumps  sent  to  the  blast  furnace  frequently  weighed  a  ton  each. 
The  filling  of  the  looser  portions  was  done  for  about  threepence  per  ton, 
but  the  labor  employed  in  the  separation  of  the  large  masses  exceeded  2s. 
6d,  per  ton  of  calcined  ironstone. 

We  consider  the  employment  of  kilns,  with  careful  men  as  burners,  to 
be  a  matter  of  very  great  importance  to  the  ironmasters  of  Scotland. 
A|>art  from  the  consideration  of  having  the  ironstone  calcined  with  regu- 
larity and  certainty,  the  use  of  kilns  would  enable  the  ironmasters  to  smelt 
these  ores  with  a  consumption  of  one-third  or  one-fourth  of  the  fuel  now 
used.  In  other  words,  a  ton  of  pig-iron  would  be  made  with  from  10 
to  14  cwt.  of  coal,  instead  of  38,  which  is  about  the  present  average 
consamptioo.  . 
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By  referring  to  the  analyses  of  carbonaceons  ironstone  at  page  5,  the 
proportion  which  the  carbon  bears  to  the  whole  will  be  found  to  be  about 
30  per  cent.  In  the  same  stone  the  metallic  iron  amounts  to  28  per  cent. 
Of  such  an  ironstone  we  require  3.57  tons  to  produce  one  ton  of  pig-metal. 
The  pure  carbon  being  equal  to  30  per  cent,  of  the  whole  weight,  the 
quantity  contained  in  8.57  tons  of  ironstone  will  be  2404  poxmds.  Under 
the  open-air  system  of  calcination  in  use  at  the  Scotch  works,  this  immense 
quantity  of  carbon  is  wasted  in  over-heating  and  partially  fusing  the  stonea 
into  large  refractory  masses,  and  necessarily  a  large  quantity  of  fuel  is 
required  in  the  blast  furnace  to  convert  the  ironstone  thus  calcined  into 
metallic  iron.  The  general  yield  is  88  cwts.  of  coal  containing  76  per  cent, 
of  carbon  to  each  ton  of  pig-metal  produced.  This  will  give  3284  pounds 
of  carbon  in  the  88  ewts.  of  coal,  or  an  excess  of  880  pounds  only  over  the 
quantity  combined  with  the  ironstone  previous  to  calcination.  The 
difference  of  880  pounds  is  equal  to  25  per  cent.,  and  we  thus  discover 
that  the  carbon  ordinarily  contained  in  the  raw  carbonaceous  ironstones 
of  Scotland,  which  is  now  utterly  wasted  during  their  calcination,  amounts 
in  weight  to  three-quarters  of  the  weight  of  carbon  contained  in  the  fuel 
subsequently  added  in  order  to  effect  their  fusion  and  reduction  in  the 
blast  furnace. 

We  are  very  far  from  supposing  that  the  whole  of  the  carbon  combined 
with  the  ironstone  can  be  retained  and  used  for  the  operation  of  smelting, 
but  we  are  of  opinion  that  the  addition  of  8  to  12  cwta.  of  coal  in  the  blast 
fimiace  will  be  amply  sufficient  to  compensate  for  the  loss  during  calcina* 
tion  in  kilns. 

That  the  carbon  can  be  retained  in  the  ironstone  during  the  process 
of  calcination,  if  that  operation  be  carefully  conducted  in  properly  con- 
structed kilns,  there  can  be  no  doubt.  If  the  workmen  are  attentive  to 
their  duties,  the  heat  to  which  the  ironstone  is  subjected  can  be  regulated 
with  a  nicety  and  precision  unknown  with  the  open-air  system.  At  no 
time  need  the  heat  be  greater  than  is  found  in  practice  to  suffice  for  coking 
the  combined  carbonaceous  matter ;  and  such  being  the  ease,  the  retention 
of  the  carbon  for  profitable  use  in  the  blast  furnace  may  be  as  effectually 
accomplished  as  in  coal  undergoing  the  same  process  in  an  oven  to  fit  it 
for  a  similar  purpose. 

The  pecuniary  profit  which  would  accrue  to  the  ironmasters  of  Scot- 
land by  using  kilns  in  the  way  we  have  alluded  to,  will  vary  with  the  cost 
of  coal  in  the  district,  but  under  existing  circumstances  the  reduced 
cost  of  smelting  will  not  be  less  than  10s.  per  ton  of  pig-iron. 

The  richer  iron  ores,  such  as  the  red  hematite  of  Lancashire  and  the 
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brown  hydrated  hematites  of  Cornwall  and  other  places,  seldom  undergo 
any  calcination  before  entering  the  blast  furnace.  The  omission  in  the 
case  of  oxides  of  an  operation  nniversally  performed  on  the  leaner  ores  of 
the  argillaceoQS  and  carbonaceous  species,  is  owing  to  the  small  per-centage 
of  volatile  matters  which  they  contain.  Water  appears  to  be  the  principal 
foreign  substance  which  a  well-regulated  system  of  burning  would  remove 
from  these  ores.  Under  the  most  favourable  circumstances,  they  contain 
about  6  per  cent,  of  water,  which  it  is  advisable  to  expel  before  they  are 
filled  into  the  blast  furnace.  On  numerous  occasions,  however,  we  have 
found  these  same  ores  mixed  with  as  much  as  from  14  to  15  per  cent,  of 
water,  a  quantity  which  is  injurious  to  the  working  of  the  furnace.  A 
portion  of  this  water  may  have  been  absorbed  during  the  transit  of  the 
ores,  but  it  also  frequently  happens  that  they  are  shipped  in  a  very  wet 
state  from  the  mines  in  which  they  are  raised.  When  in  this  wet  state  the 
ores,  particularly  if  they  are  small  and  intermixed  with  a  portion  of  their 
earthy  matrix,  have  the  consistency  of  concrete.  Filled  in  by  barrows, 
each  load  drops  into  the  furnace  a  dense  clotted  mass,  through  which 
neither  blast  nor  heat  can  penetrate  until  it  has  descended  far  down  into 
the  body. 

The  injurious  effects  on  the  working  of  the  furnace  and  the  deteriora- 
tion in  the  quality  of  the  resulting  pig-iron  will  be  treated  of  when  we 
come  to  those  sections  relating  to  the  working  of  the  blast  furnace.  Mean- 
while, we  would  here  impress  on  all  those  who  use  these  ores  the  necessity 
of  adopting  means  for  expelling  the  water  they  contain.  Calcination  in 
kilns  would  seem  the  most  feasible  way  of  accomplishing  this  desideratum. 
By  itself,  however,  the  red  hematite  lies  too  heavily  to  be  properly  roasted 
by  the  heat  given  out  during  the  combustion  of  the  small  coal  generally 
used  in  the  kiln.  Its  great  density  also  prevents  the  passage  of  the  air 
necessary  for  combustion. 

These  difficulties  in  the  way  of  calcining  in  kilns  are  probably  the  cause 
of  hematite  being  so  much  used  in  the  raw  state.  At  the  Dowlais  works, 
however,  the  plan  partially  adopted  some  years  since,  was  to  calcine  these 
ores  in  the  same  kiln  along  with  the  argillaceous  ironstone.  The  propor- 
tions of  hematite  ore  to  one  ton  of  argillaceous  stone  ranging  from  2  to  6 
cwt.  With  the  last  quantity  the  kilns  worked  well,  but  not  so  fast  as  with 
Welsh  ironstone  alone.  The  beneficial  effects  of  this  operation  on  the 
hematite  were  remarkable,  while  the  additional  expense  at  the  kilns  for 
labour  and  fuel  was  exceedingly  trifling.  Including  the  cost  of  the  labour 
of  filling  into  kilns,  small  coal  as  fuel,  labour  in  wheeling  to  stocking  places, 
and  wear  and  tear  of  kilns,  the  cost  amounted  to  about  threepence  per  ton 
of  raw  ore. 
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Upon  whateyer  system  ironstone  is  to  be  calcined  care  should  be  taken 
that  the  fragments  of  ore  intended  to  be  treated  at  one  time  should  be 
nearly  uniform  in  size.  This  uniformity  of  dimensions  is  a  matter  of  con- 
siderable importance,  although  it  does  not  receive  that  attention  which  it 
deserves.  We  frequently  see  pieces  of  ironstone  of  2  or  3  inches  in  the 
least  diameter  undergoing  calcination  along  with  lumps  12  to  18  inches  in 
diameter/  With  such  variations  in  the  dimensions  it  is  very  evident  that 
if  the  quantity  of  fuel  be  regulated  to  thoroughly  roast  the  smaller  pieces 
it  will  suffice  to  calcine  the  outside  only  of  the  larger  lumps.  On  the  other 
hand)  if  the  proportion  of  fuel  is  sufficient  to  maintain  a  heat  that  will  cal- 
cine the  large  lumps,  the  smaller  pieces  will  have  been  overheated  and 
fuel  wasted.  We  have  ascertained  experimentally  that  the  time  necessary 
to  heat  argillaceous  ironstones  of  different  dimensions  to  the  same  temper- 
ature is  nearly  in  proportion  to  their  smallest  diameters.  Thus,  if  the  time 
necessary  for  a  piece  of  12  inches  in  the  smallest  diameter  is  24  hours,  the 
time  for  a  piece  of  2  inches  in  diameter  will  be  4  hours  only ;  whilst  iron- 
stone so  divided  that  it  will  pass  through  a  sieve  containing  30  meshes  to 
the  lineal  inch  will  only  require  4  minutes  for  this  operation. 

At  several  works  kilns  have  been  erected  with  a  tram-road  sufficiently 
elevated  to  allow  the  waggons  to  discharge  directly  into  the  kiln.  (PI.  11., 
Figs.  6 — 10.)  This  plan  is  attended  with  a  saving  of  labour,  amounting  in 
value  to  about  three-eighths  of  a  penny  per  ton  of  ironstone ;  but  otherwise 
we  do  not  consider  it  to  be  a  desirable  practice.  Each  waggon  probably  holds 
2  or  3  tons  of  ore,  which  fall  in  a  single  heap  measuring  perhaps  2  or  3  feet 
in  height.  Over  this  we  will  suppose  that  a  quantity  of  coal  is  thrown 
and  then  left  to  calcine.  If  an  abundance  of  coal  is  used  the  whole  will 
be  properly  burnt ;  but  if  the  quantity  of  fuel  is  proportioned  only  to  the 
requirements  of  a  well-conducted  kiln,  the  centre  of  the  heap  will  be  more 
or  less  imperfectly  roasted.  Froni  careful  observation  we  are  inclined  to 
believe  that  filling  with  the  shovel  is  eventually  the  cheapest  plan,  and  is 
attended  with  the  most  satisfactory  results  in  the  blast  furnace. 

Calcination,  when  performed  with  the  requisite  care  and  attention, 
effectually  deprives  the  ironstone  of  water,  sulphur,  carbonic  acid  and 
other  bodies  volatile  at  the  temperature  maintained  in  the  kiln.  It  is 
necessary,  however,  that  during  the  progress  of  the  operation  the  heat 
should  be  gradually  advanced  to  the  point  which  experience  has  proved 
to  be  most  advantageous.  This  is  provided  for  in  kilns  by  maintaining  the 
greatest  heat  2  or  3  feet  below  the  surface  of  the  incandescent  mass ;  in 
the  open-air  system,  by  the  slow  rate  at  which  the  combustion  proceeds 
from  the  original  fire. 
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If  the  operation  is  too  much  prolonged,  or  if  the  temperature  employed 
is  too  great,  the  ironstone  will  be  more  or  less  injured.  When  the  water, 
carbonic  acid,  &c.,  are  expelled,  the  operation  is  complete ;  but  if  it  is  con- 
tinued after  this,  the  stone  again  increases  in  weight  hj  the  absorption  of 
oxygen,  and  when  in  the  furnace  is  more  difficult  of  fiision  than  properly 
roasted  stone.  In  extreme  cases  this  increase  of  weight  by  the  fixation  of 
oxygen  may  amount  to  7  or  8  per  cent.  From  the  foregoing  remarks  it  is 
obvious  that  great  care  bestowed  on  the  preparation  of  the  ores  for  the 
blast  furnace  is  well  repaid  where  the  quality  of  the  metal  and  cost  of 
smelting  are  deemed  objects  worthy  of  attention. 

When  properly  calcined  the  argillaceous  ironstone  is  of  a  light-reddish 
color  throaghout,  friable  and  readily  splitting  into  imperfect  laminso.  In 
the  partially  calcined  stone  the  depth  inwards  of  the  reddish  color  shows 
the  extent  of  the  calcination,  and  there  ^▼ill  be  a  portion  of  the  stone 
towards  the  centre  of  a  deep  blue-black  color.  If  the  operation  has  been 
so  imperfect  as  to  leave  a  considerable  portion  undone,  the  centre  will 
retain  its  gray  or  indigo-blue  colour  unchanged.  The  breadth  and  presence 
of  each  band  will  show  the  extent  of  the  calcination.  Pounded  ironstone 
calcined  on  a  red-hot  iron  plate  is  observed  gradually  to  turn  black  as  it 
absorbs  heat,  but  on  allowing  it  to  cool  this  colour  finally  changes  into  a 
light  red. 

Ironstone  is  found  to  lose  considerably  in  weight  by  the  expulsion  of 
the  water,  carbonic  acid,  &c. .  This  loss  of  weight  by  calcination  varies 
with  different  ores,  in  some  being  as  hi^  as  50  per  cent.,  while  in  others 
it  is  as  low  as  6  or  7  pel*  cent,  of  the  original  weight.  With  the  same 
class  of  ores  the  loss  is  generally  in  an  inverse  ratio  to  the  yield  of  metaL 

Argillaceous  stones  lose  from  20  to  83  per  cent. — ^the  average  of  18 
assays  was  27  per  cent. 

Carbonaceous  ironstones  lose  more  than  any  others.  The  actual  loss 
on  these  ores  varies  with  the  different  kinds,  but  it  is  seldom  under  28  per 
cent.  Stones  containing  a  large  per-centage  of  carbonaceous  matter  lose 
from  40  to  50  per  cent.  And  in  one  specimen  which  we  examined,  and 
which  is  extensively  used  in  Scotland,  the  loss  reached  60  per  cent.  The 
lean  carbonaceous  ironstones  of  the  Welsh  basin  lose  from  28  to  37 
per  cent. 

Calcareous  ores  lose  weight  in  proportion  as  they  contain  more  or  less 
lime.  The  average  loss  of  stones  of  this  class  may  be  taken  at  33  per 
cent.  Siliceous  ironstones  are  amongst  the  leanest  ores  used  in  the  blast 
furnace.    They  lose  in  calcination  from  25  to  30  per  cent. 

The  rich  hematites  of  Lancashire  and  Cumberland  lose  about  6  per 
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cent,  in  weight  in  passing  throngh  the  calcining  kihi.  The  hydrated 
hematites  of  North  "Wales,  Cornwall,  Devonshire,  and  other  places,  lose 
from  12  to  14  per  cent,  when  clean.  But  if  these  ores  are  mixed  with 
much  extraneous  matter,  which  unfortunately  for  iron-masters  is  now  too 
often  the  case,  they  have  been  known  to  lose  26  per  cent. 

PBEPASATION    OF    FUEL. 

It  is  but  a  few  years  since  raw  coal  was  first  adopted  as  a  fuel  in  smelt* 
ing.  Previously,  the  preliminary  process  of  coking  was  considered  as  in- 
dispensable to  the  success  of  smelting  operations;  and  in  the  majority  of 
the  iron-making  districts  this  erroneous  impression  prevails  at  the  present 
day.  The  causes  which  have  contributed  to  perpetuate  this  system  of 
wasting  a  large  portion  of  the  calorific  power  of  the  coal  in  the  coke-yard 
wiU  be  the  subject  of  a  separate  section. 

In  the  process  of  coking  the  coal  is  exposed  to  a  slow  combustion,  by 
which  the  volatile  gases  are  expelled,  and  the  carbon  retained  for  use  in 
the  furnace.  K  carefully  conducted,  the  loss  of  carbon  is  not  great,  but  in 
the  ordinary  way  of  coking,  from  one-fourth  to  one-half  of  the  carbon  is 
dissipated,  and  the  calorific  power  of  the  coal  in  the  furnace  is  reduced  to 
this  extent. 

The  operation  is  often  conducted  in  the  open  air ;  large  quantities, 
however,  are  prepared  in  brick  ovens,  variously  constructed,  according  to 
the  qualities  of  the  coal,  mode  of  working,  and  science  displayed. 

PBEPABAITON  OF  FLUX. 

The  limestone  used  as  flux  is  usually  charged  into  the  furnace  in  the 
Btate  in  which  it  comes  from  the  quarry,  the  preliminary  operations  being 
Umited  to  reducing  the  dimensions  of  the  blocks,  that  calcination  may  be 
the  more  readily  effected.  In  a  few  establishments,  however,  the  stone  is 
calcined  in  kilns,  by  which  the  water  and  carbonic  acid  is  expelled,  and 
lime  obtained  in  the  caustic  state.  This  process  is  performed  in  kilns,  of 
the  construction  employed  for  the  calcination  of  ores,  and  is  conducted 
throughout  on  nearly  similar  principles. 
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Erecticm. — ^In  the  erection  of  blast  furnaces  care  should  be  taken  to 
secnre  a  firm  unyielding  foundation  on  which  to  build  the  superstructure. 
The  weight  of  the  masonry,  brickwork,  iron  gearing,  and  plates  is  of  itself 
great,  and  when  to  this  is  added  that  of  the  metal  and  materials  within 
the  furnace,  it  is  evident  that  a  sound  foundation  is  indispensable.  It  is 
desirable  to  have  the  excavations  in  a  dry  soil,  but  where  local  consider- 
ations interfere,  and  water  is  met  with,  or  a  subsequent  influx  is  to  be 
apprehended,  eflScient  drainage  should  always  be  provided.  Also  a  suffi- 
cient distance  must  be  maintained  between  the  furnace  and  any  combus- 
tible material,  or  such  as  would  be  liable  to  injury  from  heat.* 

The  thickness  of  the  foundation  will  depend  on  the  character  of  the 
soil  and  the  description  of  furnace  to  be  erected.  Furnaces  with  a  massive 
square  stack  tapeiing  considerably  in  their  height  require  a  less  depth 
than  cupola  furnaces,  in  which  the  entire  weight  of  furnace  and  of  the 
materials  witliin  its  interior  is  borne  by  the  cast-iron  columns  and  the 
narrow  space  which  they  enclose.  On  the  space  enclosed  by  the  base  the 
square  stack  furnace  presses  with  a  force  of  2  to  2^  tons  per  square  foot, 
and  the  cupola  furnace  with  a  force  of  3 J  to  3f  tons  per  square  foot.  In 
alluvial  soils  the  former  require  a  thickness  of  from  3  to  5  feet,  the  latter 
from  5  to  8  feet,  with  a  proportionate  breadth.  The  lower  portion  may 
be  of  common  work,  but  in  wet  situations,  as  a  precaution  against  the 
possible  ascent  of  moisture,  the  centre  of  the  upper  portion  shoxdd  be 
carefully  built  in  hydraulic  lime.    Having  brought  the  foundation  to  the 

*  The  Stour  Valley  Aimaoe  was  erected  (1858)  on  and  in  contact  with  a  quantity  of  combustible 
d6bri8,  which  subsequently  ignited ;  for  some  time  the  insidious  combustion  was  not  perceived,  but 
the  gradual  though  unequal  sinkings  of  the  soil  as  the  carbonaceous  matter  was  consumed,  caused 
fractures  in  the  inferior  erections ;  after  a  short  period  the  engine-stack  fell,  the  boiler  seatings  were 
broken  up,  the  engine-house  was  destroyed,  and  the  incline  plane  for  raising  the  materials  to  the  top 
fired,  which  necessitated  »  total  abandonment  of  the  furnace  within  a  rery  few  months  after  Its 
erection. 
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level  of  the  existing  or  intended  furnace  yard,  the  next  step  is  the  erection 
of  the  furnace  itself. 

Farm  (^Furnace. — The  interior  of  the  furnace  is  usually  circular ;  the 
exterior  is  yariouslj  constructed.  In  South  Wales  the  form  generally 
preferred  is  that  of  a  truncated  pyramid ;  frequently,  however,  the  lower 
half  is  built  nearly  vertical,  whilst  the  upper  is  wrought  to  an  irregular 
curve.  On  the  eastern  side  of  the  district  a  considerable  number  of  cupola 
furnaces  exist.  In  the  Staffordshire  and  Derbyshire  districts  the  older 
furnaces  have  square  stacks,  the  newer  a  circular  stack  on  a  square  base. 
The  majority  of  the  Scottish  furnaces  have  a  square  base,  surmounted  by  a 
circular  stack.  On  the  continent  of  Europe  a  large  number  of  the  fur* 
naces  are  built  with  square  stacks ;  those  in  Bussia,  Norway,  and  Sweden 
often  being  a  rude  pile  of  stones,  kept  together  by  a  few  pieces  of  timber. 
Those  in  America,  with  the  exception  of  a  few  of  the  more  recently 
erected  anthracite  and  coke  furnaces,  are  scarcely  superior  to  the  Kussian, 
as  may  be  gathered  from  the  many  descriptions  extant  The  form  of  the 
exterior  is  not  material ;  little  attention,  further  than  to  secm*e  the  great* 
est  economy,  need,  therefore,  be  given  to  this  point. 

The  Material  used  in  the  erection  of  stacks,  the  lining  excepted,  may 
be  either  brick  or  stone.  Economical  considerations  usually  determine 
the  most  eligible  substance.  The  principal  qualities  required  are  hardness, 
freedom  from  brittleness,  and  power  to  resist  a  moderate  degree  of  heat. 

The  style  of  work  varies  according  to  the  taste  of  the  proprietor.  In 
Wales  the  furnace  stacks  are  generally  built  of  plain  unhewn  rubble-work, 
in  Staffordshire  of  brick,  while  the  Scotch  furnaces  are  not  unfrequently 
composed  of  dressed  stone  blocks.  A  large  outlay  on  the  architectural 
features  of  a  furnace,  however,  is  not  judicious,  the  points  to  be  aimed  at 
being  a  sufficient  degree  of  strength,  and  the  retention  of  heat  in  the 
interior ;  the  outlay  should,  therefore,  be  limited  to  securing  these  rather 
than  spending  large  sums  of  money  on  ornamental  work.  The  cost  of 
erecting  an  iron-works,  indeed,  is  so  large  that  economy  in  the  outlay  on 
every  part  is  indispensable  to  ensure  the  commercial  suocess  of  the  under* 
taking. 

In  building  a  blast  furnace,  as  also  in  the  numerous  other  erections 
belonging  to  iron-works,  it  should  be  borne  in  mind  that  they  are  required 
for  temporary  purposes,  and  that  all  outlay  in  securing  unnecessary  solid* 
ity  and  strength  is  so  much  direct  waste.  Improvements  in  the  mode  of 
manufacturing  are  daily  being  made,  by  which  tlie  cost  of  the  finished 
product  is  largely  reduced.  It  is  desirable,  tlien,  that  the  ironmaster 
abonld  be  able  to  avail  himself  of  the  new  methods  with  the  smallest 
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possible  ontlaj  of  capital.  This  he  cannot  well  do  if  the  new  mode  in- 
volves the  sacrifice  of  existing  costly  plans.  And  the  relnctance  and  in- 
ability to  sacrifice  elaborately-constructed  though  antiquated  apparatus 
eventually  results  in  the  possessor  being  left  behind  his  compeers  in  com- 
mercial standing. 

BuUding  Blast  Furnaces. — In  erecting  a  large  furnace  with  a  square 
stack,  the  four  pillars  to  carry  the  arches  over  the  tuyere-houses  and  fall 
are  first  marked  out  on  the  previously  levelled  floor.  The  distance  be- 
tween these  pillars  measures  8  to  10  feet,  and  they  are  usually  built  to  a 
height  of  8  or  10  feet  before  springing  the  arches.  The  inner  portion  of 
the  pillai*8  generally  forms  part  of  the  internal  diameter  of  the  furnace 
(PI.  XIX.,  Fig.  108),  but  in  certain  cases  the  interior  of  the  furnace  below 
the  boshes  is  of  a  square  form ;  the  inner  portion  is  then  of  an  angular 
figure.  (PI.  XIV.,  Fig.  87.)  Above  the  springings  of  the  arches  the 
stack  is  carried  up  with  the  requisite  taper  to  the  top,  which  may  vary  in 
height  from  25  feet  to  70  feet  from  the  level  of  the  foundation.  The  taper 
or  batter  of  the  stack  is  determined  with  reference  to  the  material  of  which 
it  is  to  be  built,  and  the  manner  in  which  it  is  to  be  bound  together.  In 
cases  where  no  expense  is  spared  in  the  binding,  the  exterior  walls  have 
been  carried  up  vertically  ;  in  others,  where  few  or  no  binders  have  been 
employed,  and  the  mason-work  has  been  of  a  very  common  description, 
the  batter  has  been  from  2  or  2  J  inches  to  a  foot.  The  interior  is  wrought 
to  the  required  figure  and  diameter  by  a  revolving  trammel  of  framed 
wood.  Those  parts  of  the  pillars  which  may  at  any  time  be  in  contact 
with  the  cinders  or  fire  of  the  hearth  are  built  with  a  facing  of  fire-brick. 
And  in  tiie  wall  of  one  side  of  the  cinder-fall  a  cast-iron  bracket  is  built, 
against  which  the  wrought-iron  crane  used  in  working  the  furnace  is  sub- 
sequently hung. 

The  fire-brick  lining  is  carried  up  simultaneously  with  the  stack.  It 
ordinarily  consists  of  an  inner  course  of  the  best  fire-bricks,  about  14 
inches  long,  manufactured  of  the  required  segmental  form,  and  laid  end- 
wise. It  begins  at  the  bottom  of  the  pillars,  and  is  carried  up  to  the  top 
of  the  furnace,  or  to  the  level  of  the  charging  plates.  Over  the  arches 
that  span  the  tuyere-houses  and  cinder-fall  a  second  course  of  casing  bricks 
commences,  and  is  carried  up  along  with  the  other. 

To  provide  for  the  enlarged  diameter  arising  from  the  expansion  by 
heat  of  the  brick  lining,  a  space  of  from  2  to  3  inches  is  left  between  the 
inner  and  outer  courses.  In  some  instances  this  space  is  rammed  w^h 
sand,  fire-clay,  or  broken  scoriee,  with  numerous  vertical  channels,  as  out- 
lets for  any  vapours  that  may  arise.    If  the  sand  is  rammed  in  solid,  the 
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steam  geaecated  during  the  drying  of  the  fnmace  is  very  likely  to  cause  a 
rupture  of  the  casing  and  outer  walling. 

Also,  in  order  to  give  vent  to  any  aqueous  raponrs  or  gases  that  may 
be  given  off  from  the  masonry  during  the  drying  and  working  of  the 
fomace,  air-holes  are  left  all  around  ;  they  are  about  4  inches  square,  and 
proceed  from  the  second  course  of  bricks  outwards.  Their  greatest  dis- 
tance apart,  yertically  or  horizontally,  should  not  exceed  3  feet.  They 
are  a  precaution  against  fracture,  which  should  never  be  omitted ;  and  if 
the  furnace  is  to  be  blown-in  with  very  little  previous  drying,  the  distance 
between  them  should  be  reduced  at  least  one-half.  They  afford,  also,  an 
escape  into  the  atmosphere  for  any  gas  that  may  leak  through  the  brick 
lining.  In  furnaces  where  they  have  been  insufficient  in  number,  the 
broken  and  dilapidated  appearance  of  the  masonry  is  an  evidence  of  the 
force  exerted  by  the  gases  during  their  liberation.  It  is  usual  to  build  in 
across  each  of  the  arches  at  the  level  of  the  springing  a  massive  cast*iron 
mantle  about  13  feet  long,  curved  on  the  inner  side  concentric  with  the 
curvature  of  the  interior  of  the  famace.  These  mantles  are  connected 
together  by  stout  plates  having  lugs  to  fit  into  corresponding  recesses  in 
the  mantle.  The  purpose  of  this  circle  of  heavy  castings  is  to  bind  to- 
gether and  strengthen  the  lower  part  of  the  famace,  where  it  has  been  so 
much  weakened  by  the  insertion  of  the  arches.  The  space  between  the 
mantles  and  the  crown  of  the  arch,  a  distance  of  about  4|  feet,  is  walled  up 
with  fire-bricks.  In  some  furnaces  we  have  observed  this  space  filled  up 
with  a  large  cast-iron  plate,  which  had  been  better  omitted.  If  conven- 
ience and  facility  for  wo2^ing  the  furnace  are  considerations,  the  perma- 
nent fixing  of  iron  plates  of  any  kind  in  the  tuyere-house  is  objectionable. 
Cases  may  occur  in  the  course  of  working  when  the  presence  of  such 
plates  may  be  highly  detrimental  to  the  success  of  the  operations. 

In  the  old  blast  furnaces,  it  was  usual  to  leave  in  the  bottom,  under- 
neath the  hearthstone,  numerous  small  channels  or  flues,  but  for  what 
purpose  is  not  very  clear.  They  may  have  been  intended  to  prevent  the 
ascent  of  moisture,  by  draining  the  brickwork,  but  if  the  site  has  been 
judiciously  selected,  moisture  cannot  penetrate  into  the  hearth.  By  some 
they  are  considered  necessary  for  ventilating  the  lower  portions  of  the 
furnace,  but  a  layer  of  sand  under  the  bottom  answers  every  purpose. 
Certain  it  is,  however,  that  this  mode  of  constructing  the  bottom,  though 
at  one  time  universally  practised,  and  considered  indispensable  to  its  safety, 
is  rarely  adopted  in  modem  furnaces. 

Until  within  a  comparatively  recent  period,  the  bottom  was  invari- 
ably formed  of  large  blocks  of  coarse  sandstone,  and  wherever  practicable, 
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in  a  single  course  of  from  2^  to  3  feet  high.  The  quarrying,  dressing,  and 
setting  of  these  blocks  was  necessarily  very  expensive.  Sandstone  is  still 
employed  in  the  majority  of  instances,  and  owing  to  the  peculiar  action  of 
the  hot  blast  in  creating  an  intensely  high  temperature  immediately  con- 
tiguous to  the  tuyere,  it  will  probably  continue  to  be  preferred.  The 
bottom  thus  formed  fills  up  the  circular  space  between  the  pillars,  and 
projects  2  or  3  feet  into  each  of  the  tuyere-houses,  and  the  same  distance 
into  the  cinder-fall. 

When  finished,  the  surface  of  the  bottom  in  the  direction,  &om  tuyere 
to  tuyere,  is  perfectly  level,  but  from  the  back  tuyere  to  the  front  there  is 
a  fall  of  a  quarter  inch  in  a  foot. 

In  numerous  furnaces,  recently  erected  or  repaired,  the  bottom  is 
formed  of  fire  brick,  and  the  experience  of  nearly  twenty  years  enables  ub 
to  state  that  such  bottoms  work  well,  and  are  less  costly  than  stone. 
Bricks  of  the  common  size  were  tried  in  the  first  instance,  but  in  practice 
they  were  found  to  be  too  small.  After  the  frimace  had  worked  a  few 
days,  they  floated  on  the  metal  in  the  fluid  cinder,  from  whence  they  were 
withdrawn  by  the  workmen.  It  does  not  appear,  however,  that  any  per- 
manent injury  resulted  from  the  displacement  of  these  bricks,  for  the 
furnace  has  since  remained  in  blast  for  a  period  of  twelve  years.  But  to 
prevent  the  possibility  of  their  floating  up,  they  are  now  made  larger  and 
of  a  peculiar  form.  (See  PI.  XV.,  Fig.  90.)  By  contracting  them  in 
width  in  the  middle  and  introducing  corresponding  half  bricks,  every 
brick  is  efi^ectually  locked  into  its  place.  The  bottom  is  composed  of  two 
courses  of  these,  laid  on  a  course  of  flat  bricks. 

At  Scotch  works  where  brick  bottoms  are  used,  the  means  employed 
to  retain  the  bricks  in  their  position  are  equally  successful.  The  bricks 
are  made  of  a  length  equal  to  the  height  of  the  bottom,  but  are  moulded 
to  such  sections  that,  when  placed  on  the  foundation  level,  they  form  an 
inverted  arch.  (See  PI.  XX.,  Fig.  107.)  This  plan  has  the  disadvantage 
of  requiring  several  moulds,  but  it  makes  a  sound  bottom.  The  bricks 
being  comparatively  thin,  a  perfectly  homogeneous  quality  can  be  insured. 

When  the  surface  of  the  bottom  is  completed  and  finished  off,  the 
hearth  is  marked  out  upon  it.  In  practice  hearths  are  of  different  forms 
and  dimensions,  and  are  variously  constructed.  (Pis.  XIV.,  XVI.,  XVDI., 
XIX.,  XXL) 

In  the  old  charcoal  furnace  the  hearth  was  square,  and  in  the  present 
charcoal  furnaces  of  the  Continent  of  Europe  and  the  United  States  of 
America,  this  form  appears  to  be  almost  universal.  As  it  is  generally  nar- 
row— seldom  exceeding  2  feet  in  width — we  may  reasonably  infer  that  the 
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first  builders  employed  the  square  form  as  being  the  easiest  of  constmction. 
With  the  modem  coke  and  raw  coal  fiimaces  of  large  dimensions,  hearths 
of  proportionate  width  have  been  adopted.  Following  the  model  present- 
ed bj  the  charcoal  furnace,  square  hearths  are  nearly  universally  used  in 
Continental  and  American  furnaces,  and  veiy  generally  in  the  furnaces  of 
this  country.  In  some  cases  the  circular  form  is  adopted,  and  there  are  a 
few  instances  of  hearths  having  a  pear-shaped  section. 

The  material  of  which  hearths  are  constructed  may  either  be  sandstone 
or  brick.  Ironmasters  who  nse  stone  for  bottoms  employ  the  same  ma- 
terial in  building  the  hearths,  while  others  who  have  adopted  the  less 
expensive  material,  brick,  find  that  it  answers  equally  well  for  the  hearth. 
The  suitability  of  this  latter  material,  however,  depends  in  a  great  measure 
on  the  particular  mode  of  working  the  furnace,  which  may  be  contem- 
plated. The  quality  of  the  fuel  and  density  of  the  blast  in  cold  blast 
furnaces  exercise  an  important  influence  on  the  temperature  in  the  several 
portions  of  the  hearth.  And  the  low  specific  gravity  of  heated  blast  also 
causes  an  inequality  in  the  temperature  at  the  sides  of  the  hearth  in  com- 
parison with  that  at  the  centre.  Therefore  in  selecting  a  material,  it  is 
necessary  to  take  into  consideration  the  causes  that  will  be  brought  into 
action  to  establish  a  high  or  low  temperature  contiguous  to  the  tuyere. 

If  the  furnace  be  a  large  one,  and  is  intended  to  work  up  to  its  full 
power,  there  is  left  in  the  sandstone  or  brickwork  on  each  side,  and  in  the 
back  of  the  hearth,  a  small  arch  about  2  feet  in  width,  widening  out  or 
splaying  to  5  feet  on  the  outside,  and  reaching  to  the  cast-iron  mantles,  the 
lower  edge  of  which  forms  the  outer  face  of  the  arch.  In  furnaces  with 
brick  hearths  it  is  usual  to  start  the  openings  of  these  arches  from  the  bot- 
tom, the  space  between  up  to  the  tuyere  being  subsequently  filled  in  with 
brickwork  or  other  material.  But  where  sandstone  is  adopted  the  tuyere 
arches  are  commenced  at  the  required  elevation,  the  solid  sandstone  block 
forming  the  lower  side  of  the  opening.  The  arch  in  front  is  of  nearly  the 
same  width  as  the  others,  but  the  height  decreases  towards  the  outside, 

« 

where  it  does  not  usually  exceed  3^  feet  from  the  bottom. 

The  boshes  commence  at  the  top  of  the  hearth  ;  their  interior  diameter 
increasing  with  their  height  until  they  meet  the  inner  lining  of  brickwork, 
built  during  the  erection  of  the  furnace.  They  are  usually  constructed  of 
fire-bricks,  about  16  inches  long,  carefully  laid  in  fire-clay.  Considerable 
diversity  of  opinion  exists  respecting  the  best  angle  at  which  they  should 
incline  outwards  from  the  hearth.  In  oiir  own  practice  we  have  generally 
adopted  an  angle  of  70  deg.  from  a  horizontal  line,  as  being  the  most  suit- 
abler,  and  the  results  warrant  us  in  stating  that  this  angle  may  be  adopted 
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ill  all  furnaces  for  smeltiBg  argiUaceous  or  carbonaceous  ores.  But  when 
other  ores  are  to  be  smelted,  their  character  and  that  of  the  fuel  will  have 
an  important  bearing  on  the  form  of  the  boshes  as  well  as  that  of  the 
hearth  and  furnace  generally.  We  purpose  examining  the  relation  which 
these  should  bear  to  each  other  in  another  section. 

The  form  of  the  fiimace,  from  the  boshes  to  the  throat,  is  also  a  matter 
on  which  a  difference  of  opinion  exists  among  ironmasters.  Formerly  it 
was  invariably  that  of  a  truncated  cone,  as  is  seen  in  the  majority  of  the 
blast  furnace  sections  (see  Pis.  YU.,  XU.),  but  of  late  years  numerous  fur- 
naces have  been  built  differently.  In  Scotland,  the  body  of  the  furnace  is 
frequently  carried  up  cylindrically,  or  nearly  so,  for  a  considerable  height, 
terminating  with  the  usual  trimcated  cone.  We  shall  defer  the  considera- 
tion of  the  advantages  which  are  supposed  to  attend  the  different  forms  to 
a  more  advanced  portion  of  this  work. 

To  complete  the  furnace,  a  chimney,  or,  as  it  is  termed  in  South  Wales, 
a  ^^  tunnel-head,"  is  erected  above  the  charging-plates.  This  tunnel-head 
is  generally  of  a  diameter  larger  than  the  mouth  of  the  furnace,  and  is 
carried  up  to  a  height  of  10  or  12  feet :  and  one  or  more  openings  are 
left  in  it,  through  which  the  furnace  is  charged.  The  number  of  filling 
places  varies  with  the  size  of  the  throat.  Where  there  is  more  than  one, 
each  opening  is  fitted  with  a  metal  door  to  protect  the  workmen  from  the 
draught.  (PI.  XXX.  Figs.  150,  163.)  The  tunnel-head  is  built  of 
bricks,  strengthened  by  stout  cast-iron  rings  at  top  and  bottom,  and  cast- 
iron  frames  to  the  charging  places.  It  is  fitted  also  with  four  or  five  stout 
iron  hoops,  having  tightening  screws,  which  effectually  secure  the  brick- 
work from  being  fractured  by  the  great  heat  evolved  from  the  ignited 
materials  in  the  throat  of  the  furnace. 

In  the  erection  of  walled  blast  furnaces,  the  exterior  line  of  which 
deviates  from  the  vertical,  we  have  found  it  advisable  to  work  the  stones 
with  a  square  front,  and  set  the  courses  with  a  dip  from  the  level  towards 
the  centre  of  the  furnace,  corresponding  to  the  batter  in  front.  Besides 
the  evident  saving  in  labour  and  material,  the  woi^  is  considerably  stronger 
and  the  face  less  liable  to  breakage  from  expansion.  In  the  interior  also 
we  advise  the  setting  of  the  bricks  or  stones  forming  the  hearth,  and  the 
bricks  forming  the  boshes,  in  a  similar  manner.  By  so  doing  the  interior 
cavity,  from  top  to  bottom,  may  be  worked  without  steps  and  with  little 
waste  of  material.  With  the  boshes  this  mode  of  setting  should  always  be 
followed.  We  have  observed  furnaces  in  England  and  Scotland,  in  which 
the  necessary  augle  has  been  given  to  the  boshes  by  stepping  back  each 
course  the  required  distance,  and  afterwards  plastering  over  the  interstices 
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with  fire-clay  to  produce  the  desired  evenness.  Were  the  other  plan  fol- 
lowed— ^the  bed  of  the  courses  sloped  downwards  as  they  recede  from  the 
face  of  the  work,  the  ends  of  the  bricks  form  the  correct  angle  of  inclina- 
tion without  dressing  or  subsequent  plastering.  In  the  stone-work  of  the 
stack  a  strong  mortar  may  be  used  in  the  face,  but  a  weaker  kind  is  better 
for  the  backing  and  filling-in,  because  it  permits  of  slight  movements 
without  disturbing  the  outside. 

The  binders  employed  to  prevent  the  work  from  opening  require  to  be 
very  strong  and  easy  of  renewal.  For  this  purpose  they  should  be  on  the 
outside,  or  otherwise  so  placed  that  they  may  be  changed  in  a  few  hours. 
The  furnace  delineated  in  Pis.  XV.,  XVII.  is  strongly  bound,  and  has 
stood  remarkably  well.  The  lower  portions  are  held  together  by  cast-iron 
angle  pieces  and  wrought-iron  tension  rods  2^  inches  square.  The  circu- 
lar portion  is  bound  throughout  with  wrought-iron  hoops,  3^  by  |  inch, 
placed  6  inches  apart,  and  retained  at  this  distance  by  vertical  bars 
of  the  same  dimensions. 

In  Scotland  the  outlay  on  the  materials  for  binding  some  furnaces 
has  been  very  large.  At  the  Muirkirk  works  a  furnace  is  cased  in 
malleable  iron  plates  from  top  to  bottom.  At  the  Bilston  new  furnace 
also  a  similar  expensive  binding  has  been  employed.  Great  strength  is 
obtained  by  this  method,  but  the  expense  is  so  considerable  as  to  preclude 
its  general  adoption. 

To  expedite  the  operation  of  drying,  two  small  arches  are  left  in  the 
base  of  each  of  the  pillars  of  masonry  of  a  size  sufficient  to  contain  a  fire  8 
feet  by  1^  feet.  From  the  crown  a  flue,  about  10  inches  square,  is  carried 
up  through  the  masonry  to  the  top  of  the  furnace.  (See  Pis.  XV.,  XVL, 
Figs.  88,  91,  92.)  With  this  flue  the  whole,  or  nearly  so,  of  the  holes  left 
in  the  masonry  for  ventilation  should  communicate.  Where  this  is  done, 
the  masonry  may  be  rapidly  and  perfectly  dried  without  any  of  the  usual 
unsightly  fissures  being  produced* 

The  drying  of  the  furnace  previous  to  blowing  in,  requires  time  and 
fuel  commensurate  with  its  dimensions.  If  it  is  a  large  one,  two  months 
may  be  well  spent  in  the  operation,  and  a  consumption  of  70  tons  of  coal 
will  not  be  too  great.  The  interior  brickwork  will  be  best  dried  by  a 
temporary  furnace  in  the  cinder-fall,  communicating  directly  with  the 
interior.  While  this  furnace  is  in  operation  the  tuyeres  should  be  tem- 
porarily bricked  up  to  prevent  the  ingress  of  cold  air,  and  the  mouth 
partially  covered  over  to  diminish  the  draught  and  retain  the  heat  within 
the  interior. 
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When  the  diying  is  completed,  the  temporary  furnace  in  fit>nt  is  «y 
moTed  and  the  brick  stopping  in  the  tuyeres  taken  down. 

Preparations  ntiay  now  be  made  for  blowing  in.  These  consist  in  build, 
ing  up  the  tuyere  openings  with  brickwork  or  sandstone  to  a  height  of  2 
feet  on  each  side,  and  2  feet  3  inches  at  the  back.  In  some  furnaces  this 
height  is  made  up  with  a  hollow  cast-iron  block,  through  which  water  is 
allowed  to  circulate  while  the  furnace  is  in  blast.  (See  PI.  XXXIY.,  Figs. 
194,  196.)  Above  this  the  cast  or  wrought-iron  tuyeres  are  placed,  with 
their  points  flush  with  the  wall  of  the  hearth,  and  the  remainder  of  the 
space  filled  up  with  brickwork,  18  to  24  inches  thick ;  or  sometimes  with 
a  cast-iron  breast  containing  a  small  pipe  bent  in  a  spiral  form,  through 
which  water  is  made  to  circulate  to  keep  it  cool.  (See  P1&.  XXXITf., 
XXXIV.,  Figs.  189, 198,  202.) 

In  front  of  the  cinder-faU,  a  cast  metal  damplate  (PI.  XXXTV.,  Figs. 
205,  206)  is  bolted  to  two  wrought-iron  bolts  built  into  the  brickwork  of 
the  hearth.  This  plate  measures  about  6  feet  long,  3  feet  high,  and  3 
inches  thick.  Near  the  centre,  an  opening,  9  inches  wide  by  20  inches 
high,  is  left  for  tapping,  the  bottom  being  flush  with  the  bottom  of  the 
hearth,  and  one  side  flush  with  the  brickwork  inside.  In  the  upper  edge  a 
notch,  8  inches  wide,  is  left  for  the  cinders  to  flow  through.  The  height 
from  the  brickwork  of  the  bottom  to  the  underside  of  this  notch  is  an  im- 
portant measurement :  in  this  instance  it  is  24  inches.  To  retard  the  wear- 
ing or  burning  away  of  the  plate  at  the  underside  of  the  notch  the  thickness 
of  metal  is  there  doubled.  On  the  outer  side,  close  to  the  tapping-hde^ 
a  vertical  flange  is  cast  to  sustain  the  end  of  a  cast-iron  plate  set  on  edge, 
to  keep  the  flowing  cinders  on  one  side  of  the  fall. 

At  a  distance  of  about  16  inches  above  the  notch,  and  26  inches  inside 
the  damplate,  it  is  usual  to  fix  a  tymplate  wilJiin  a  recess,  provided  for 
that  purpose  in  the  brickwork.  The  tymp  is  generally  3  feet  high  and  2 
inches  thick,  with  a  short  fiange  on  the  under  side  as  a  protection  to  the 
brickwork  over  the  fall.  Tymps  having  a  small  water-pipe  laid  in  a  ser- 
pentine form  in  the  metal,  are  in  use  at  several  furnaces,  where  a  high 
local  heat  prevails.  (PI.  XXXIV.,  Figs.  197, 199.)  At  other  works, 
however,  wq  find  the  furnaces  working  with  an  unprotected  breastwork  of 
brick. 

There  are  also  fixed  in  the  cinder-fall  a  wrought-iron  crane ;  a  oast-iron 
plate,  having  its  upper  edge  serrated,  to  facilitate  the  removal  of  large 
masses  of  cinder ;  a  cast-iron  trough,  about  6  feet  long,  to  convey  the  finid 
metal  from  the  tapping-hole  to  the  casting-bed  or  refinery ;  and  two 
troughs  on  the   cinder-bed  for  guiding   the  fluid  cinder  into  the  tubs* 
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Imtoediately  before  filling,  the  portion  of  the  damplate  exposed  to  the 
fluid  metal  is  protected  by  a  stone  or  mass  of  brickwork^  at  a  level  with 
the  cindernnotch.    (See  PI.  XXXVI.) 

The  conveyance  of  the  blast  to  the  furnace  is  accompKshed  in  various 
ways — by  leath^  bags,  oast-iron  pipes,  wrought-iron  fixed,  and  wrought- 
iron  telescope  pipes.  Local  circumstances  and  the  temperature  of  the 
blast  employed,  principally  determine  tiie  kind  of  apparatus  to  be  used. 

For  cold-blast  furnaces,  the  last-named  is  probably  the  most  durable, 
and  attended  with  the  least  waste  of  blast.  It  consists  of  a  thin  wrought- 
iron  pipcj  generally  10  inches  in  diameter  and  6  feet  long,  having  rivetted 
within  one  end  a  light  cast-iron  cylinder,  bored  and  turned,  and  on  the 
other  a  cast-^iron  flange.  The  large  end  of  the  sliding  telescopic  pipe  is 
furnished  with  a  metal  ring,  turned  to  fit  the  interior  of  the  cylinder,  and 
has  a  small  groove  to  receive  packing.  The  length  of  the  sliding  pipe 
should  equal  that  of  the  fixed ;  the  diameter  at  the  small  end  being  for  the 
above  size  cylinder  5  inches,  and  at  the  large  end  8  inches.  To  prevent 
its  entire  withdrawal,  the  interior  of  the  cast-iron  cylinder  is  provided  at 
the  outer  end  with  a  small  hollow  fiange,  against  which  the  piston  is 
ground  air-tight  to  prevent  leakage.  The  loose  wrought-iron  nozzles, 
placed  on  the  small  end  of  the  sliding  pipe,  should  be  about  2  feet  long, 
and  of  a  diameter  proportioned  to  the  volume  and  density  of  blast  to  be 
delivered.    (See  PI.  XXXII.,  Figs.  169, 173.) 

To  the  cast-iron  fiange  on  the  rear  of  the  wrought  cylindrical  pipe, 
there  is  attached  a  universal  joint,  consisting  of  a  cup  and  ball,  accurately 
ground  to  each  other,  aftd  connected  by  two  eye-bolts.  This  joint  allows 
of  any  lateral  or  vertical  movement  in  the  pipes  that  may  be  rendered 
necessary,  through  changes  in  the  position  of  the  tuyere. 

Connected  with  this  joint,  or  to  the  elbow  pipe  leading  to  the  main,  is 
the  valve  for  regulating  the  admission  of  the  blast.  Various  descriptions 
of  valves  are  employed  for  this  purpose.  One  very  commonly  used  in  the 
old  apparatus  was  formed  of  a  stout  disc  of  wood,  faced  with  leather  or 
sheepskin,  and  furnished  with  a  spill  and  stalk,  similar  to  the  common 
spindle-valve  of  a  steam-engine.  (PI.  XXXI.,  Figs.  165,  166.)  While  in 
good  order,  it  proves  an  effective  stop-valve ;  but  the  return  of  cinders 
from  the  furnace  through  the  pipes  frequently  destroys  it,  and  causes 
delay  and  waste  of  material. 

For  a  considerable  period  disc-valves  turning  on  a  pivot-spindle  were 
very  commonly  used.  In  general  they  are  neat  in  appearance  and  require 
Kttle  power  to  open  or  shut  them.  (PL  XXXI.,  Figs.  168, 160.)  Prac- 
tically, however,  valves  of  this  description  are  about  the  worst  that  can  be 
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adopted.  It  is  almost  impossible,  even  with  a  large  expenditm'e  of  labour 
and  very  careful  fitting,  to  make  them  air-tight.  The  best  allow  consid- 
erable leakage  of  blast,  and  to  this  cause  we  attribute  the  general  aban- 
donment of  valves  of  this  description. 

Slide-valves  are  now  very  generally  used,  and  unquestionably  are 
much  superior  to  the  others.  The  movement  of  the  valve  is  effected  by  a 
rack  and  pinion  in  the  box,  with  a  spindle  projecting  through  the  side 
(PL  XXXI.,  Figs.  161,  164) ;  or  a  rod  working  through  a  stuffing-box. 
(PL  XXXI,  Figs.  164, 157.)  In  either  case,  a  simple  iron  slide  planed 
and  ground  in  tight  on  a  planed  face  in  the  interior  of  the  box  is  em- 
ployed. The  pressure  of  the  blast  being  on  the  back  of  the  slide,  whether 
it  is  open  or  shut,  causes  sufficient  adhesion  to  keep  it  in  contact  with  the 
face,  and  to  retain  it  in  whatever  position  it  may  be  left. 

In  several  works  the  valve-boxes  are  so  constructed  that  the  movement 
of  shutting  off  the  blast  from  the  furnace  opens  to  the  atmosphere  an  orifice 
nearly  equal  in  size  to  the  nozzle-pipe.  (PL  XXXI.,  Figs.  161, 163.)  The 
object  in  view  appears  to  be  to  equalise  the  resistance  to  the  movement  of 
the  blowing-engine  piston,  where  there  is  more  than  one  furnace,  by  main- 
taining the  previous  area  of  discharge.  The  attainment  of  this  object, 
however,  by  permitting  a  portion  of  the  blast,  compressed  at  great  cost, 
to  escape  into  the  atmosphere,  is  not  entitled  to  commendation.  It  should 
rather  be  sought  by  regulating  the  movements  of  the  blowing-piston, 
which  are  perfectly  controllable,  and  so  adjusting  the  quantity  of  blast 
compressed  to  the  reduced  area  of  discharge. 

Bolted  to  the  stop-valve  box  is  an  elbow-pipe,  10  inches  bore,  with  the 
curve  upwards,  joining  other  pipes  from  the  blowing  apparatus.  In  the 
majority  of  works  it  is  usual  to  have  this  elbow  turning  down,  and  con- 
nected with  larger  pipes  laid  below  the  surface.  However  neat  such  an 
arrangement  may  appear,  in  practice  it  is  attended  with  many  disadvan- 
tages. For  instance,  when  a  sudden  stoppage  of  the  blowing  apparatus 
occurs,  the  cinders  not  unfrequently  flow  back  through  the  pipes  into  the 
subterraneous  mains,  and  cause  expense  and  delay ;  and  in  the  event  of 
leakage  of  blast  from  the  joints,  it  is  difficult  to  get  at^them  to  stop  it. 

In  the  back  of  the  elbow  an  orifice,  about  one  inch  diameter,  is  drilled 
in  a  line  with  the  centre  of  the  tuyere,  and  fitted  with  a  metal  stopper. 
Through  this  orifice  a  small  iron  rod  can  be  introduced  to  clean  the  tuyere 
when  fouling ;  and  when  a  heated  blast  is  used  it  is  also  convenient  for 
trying  the  temperature. 

The  pipes  used  for  hot-blast  furnaces  differ  from  the  preceding,  the 
wrought-iron  telescope  apparatus  being  absent.     Cast-metal  pipes,  dimin- 
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ishing  in  size  as  they  recede  from  the  cup  and  ball  joint,  with  wrought-iron 
nozzles  similar  to  those  with  a  cold  blast,  are  in  general  use.  At  some  of 
the  "Welsh  cupola  furnaces,  a  lighter  and  more  compact  arrangement 
has  been  adopted  on  account  of  the  limited  room  for  the  pipes,  as  may  be 
seen  in  the  plate  of  details.     (See  PI.  XXXII.,  Figs.  176,  177.) 

At  the  majority  of  hot-blast  furnaces  the  stop-valve  for  regulating  or 
shutting  off  the  supply  of  blast,  is  placed  in  the  pipe  leading  to  the  heating- 
stove.  But  the  employment  of  a  single  valve  in  this  manner  is  objection- 
able, inasmuch  as  it  necessitates  the  entire  stoppage  of  the  blast  during 
repairs  to  the  heating-stove,  which,  unfortunately,  are  of  frequent  occur- 
rence. To  avoid  such  interruptions  to  the  working  of  the  furnace,  the  heat- 
ing-stove should  be  furnished  with  two  valves,  one  in  the  inlet-pipe  and 
another  in  a  box  between  the  stove  and  belly-pipes ;  to  this  box  a  range 
of  pipes  should  be  connected  to  admit  cold  blast  when  the  stove  is  under- 
going repairs.     (PI.  XXIV.,  Fig,  123.) 

Leather  bags  are  employed  at  some  works  with  a  cold  blast ;  and 
where  the  supply  of  blast  is  not  dependent  on  a  single  engine  or  ap- 
paratus, and  careful  workmen  are  employed,  the  connexion  lasts  a  consid- 
erable time.  They  form  probably  the  simplest  arrangement  that  can  be 
devised,  there  being  no  fitting  or  other  expensive  workmanship  required  in 
their  construotion ;  while  the  flexibility  of  the  leather  permits  of  the  nozzle 
being  pointed  to  any  part  of  the  breast.  (PL  XXXIII.,  Fig.  182.)  This 
mode  of  conveying  the  blast  is  in  use  at  all  the  furnaces  of  the  Plymouth 
and  Duffryn  works. 

The  top  of  the  furnace  round  the  tunnel-head  is  floored  with  cast-iron 
plates  from  three-quarters  of  an  inch  to  an  inch  thick ;  and  where  the  ma- 
terials are  stacked  upon  the  level  of  the  furnace  top,  a  continuation  of  the 
plate  flooring  is  carried  out  to  the  stocking  place  of  the  fuel,  ore,  and  flux, 
forming  a  level  barrow-road  for  the  fillers  to  wheel  the  charges.  In  front 
of  each  stocking  place  it  is  desirable  to  have  on  a  level  with  the  floor  a 
lock-up  platform  weighing-mdfehine,  weighted  according  to  the  burden  on 
the  furnace.  The  usual  arrangement  is  to  liave  two,  sometimes  three, 
beam  weighing-machines  at  the  bridge  plates,  where  the  quantities  are  ad- 
justed, recourse  being  had  to  a  small  supplementary  stock  for  supplying 
deficiencies.  With  platform  machines,  conveniently  fixed  at  the  stocking 
places,  the  barrow  rests  on  the  machine  whilst  being  filled ;  the  exact 
quantity  is  determined  on  the  spot ;  greater  accuracy  is  thus  obtained  and 
much  labour  economised. 

Cwpola  Furnaces, — In  the  erection  of  cupola  furnaces  the  masonry  is 
limited  to  the  foundation  and  the  stonework  of  the  bottom  and  hearth. 
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This  form  of  furnace  posBeases  certain  advantages  over  the  massive  sqnare 
stack,  but  it  has  been  ascertained  through  the  experience  derived  from  the 
working  of  several,  that  they  also  are  subject  to  disadvantages  of  a  very 
serious  character. 

The  building  of  a  cupola  furnace  commences  with  carefully  bedding  on 
the  levelled  masonry  an  iron  ring  of  massive  proportions,  cast  in  four  or 
more  segments.  Upon  this  ring  cast-iron  colunms  of  from  12  to  14  feet 
high  are  bolted  fast,  one  on  each  side  of  each  of  the  tuyere  openings. 
Upon  the  columns  a  second  iron  ring  is  bolted,  of  an  internal  diameter 
somewhat  greater  than  that  of  the  interior  of  the  furnace,  and  ranging  from 
18  to  24  inches  wide  by  about  3  inches  thick,  and  strengthened  by  a  deep 
flange  on  its  outer  edge.  Four  or  more  vertical  binders  are  now  set  np, 
which  support,  at  distances  of  from  8  to  12  inches  from  centre  to  centre, 
wrought-iron  hoops  about  3^  inches  wide  by  f  inch  thick,  made  to  fit  the 
calculated  exterior  diameter  of  the  furnace  at  their  respective  heights.  (PL 
XVin,,  Figs.  97, 100.) 

The  building  of  the  furnace  itself  is  performed,  inside  the  network  of 
binders,  by  starting  from  the  upper  cast-iron  ring  a  course  of  walling  of 
the  required  diameter,  and  at  tlie  usual  distance  of  2  or  3  inches  a  course 
of  casing  bricks ;  the  space  between  them  being  rammed  in  the  same  man- 
ner as  in  blast-furnaces  built  with  massive  stonework  stack^.  The  outer 
case  of  bricks  abuts  against  the  binders,  which  limit  the  thickness  of  the 
walls  to  the  two  courses  of  brickwork  and  the  intervening  space,  amount- 
ing together  to  about  26  inches.  At  this  thickness  the  walls  are  carried  up 
to  the  top,  upon  which  a  tunnel  head  of  the  usual  form  is  built. 

Keither  the  construction  of  the  bottom,  hearth,  or  boshes,  nor  the  ma- 
terials used,  differ  from  the  more  common  form  of  furnace.  Cupola  fur- 
naces are  thoroughly  dried  in  a  very  short  time,  on  account  of  the  small 
quantity  of  brickwork  in  their  construction. 

The  advantages  offered  by  the  cupola  furnace  over  the  more  common 
form  are  dependent  in  a  great  measure  on  local  circumstances.  Where 
the  necessary  massive  iron  framing  can  be  obtained  at  a  low  price,  and 
stonework  is  comparatively  expensive,  the  cupola  furnace  can  be  erected 
at  a  cheaper  rate,  probably  at  half,  or  under  half,  the  cost  of  the  other 
plan.  It  is  evident,  however,  that  the  question  of  expense  turns  on  the 
cost  of  the  ironwork  of  the  one  compared  with  that  of  the  masonry  walling 
of  the  other.  For  the  height  and  internal  capacity  being  alike,  the  founda- 
tions, bottom,  hearth,  boshes,  and  brickwork  will  be  similar,  and  any  dif- 
ference must  arise  between  the  walling,  in  one  case,  and  the  iron  framing 
in  the  other.    Estimating  the  furnace  to  be  50  feet  high  and  275  cubic 
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yards  internal  capacity,  there  will  be  in  the  stack,  about  1250  cubic  yards 
of  masonry,  against  80  tons  of  castings  and  14  tons  of  wrought-iron  jointed 
work  in  place,  in  the  cupola.  The  difference  in  value  between  these  two 
quantities,  in  any  locality,  will  determine  the  comparative  cheapness  of 
the  two  modes  of  furnace  building. 

It  must,  however,  be  borne  in  mind  that  the  ironwork  of  the  cupola 
furnace  possesses  in  proportion  to  its  first  cost  a  prospective  value  greater 
than  that  of  the  stonework  of  the  walled  stack  furnace.  The  materials  of 
the  latter  are  valuable  only  as  constituting  a  portion  of  the  furnace,  but 
the  metal  work  of  the  former  possesses  an  intrinsic  value  in  whatever  form 
it  is  employed. 

The  cupola  ftimace  possesses  a  decided  advantage  in  the  period  required 
for  building  and  completion  for  blowing-in.  The  building  and  thoroughly 
drying  of  a  walled  stock  blast-furnace  of  the  largest  dimensions  will  require 
from  six  to  seven  months ;  the  cupola  furnace  may  be  built,  dried,  and 
blown-in  in  three  months. 

The  disadvantages  attending  this  form  of  furnace  are  an  increased  con- 
sumption of  fuel  in  propoi*tion  to  the  quantity  of  iron  smelted,  and  more 
serious  irregularities  in  the  operation  of  the  furnace.  The  increase  in  the 
consumption  of  fuel  is  considerable,  and  in  a  few  years  the  additional  an- 
nual cost  thus  entailed  is  found  in  the  aggregate  to  greatly  exceed  the 
original  cost  of  the  furnace. 

The  fiu*ther  consideration  of  this  subject  will  be  deferred  to  the  section 
treating  on  the  causes  influencing  the  consumption  of  fuel. 

APPARATUS  FOR  LIFTmO  MATERIALS. 

The  apparatus  for  raising  the  materials  to  the  level  of  the  charging- 
plates — ^where  nature  has  not  afforded  facilities — ^is  directly  worked  by  a 
steam-engine,  or  by  an  hydraulic  or  pneumatic  apparatus.  In  South  Wales 
the  ironmasters  have  taken  advantage  of  the  generally  mountainous  char- 
acter of  that  country  to  build  the  blast-furnaces  on  hill-sides,  having  back- 
ground on  a  level  with  the  furnace  top,  over  which  the  materials  are 
wheeled  directly  into  the  furnace,  and,  with  the  exception  of  a  few  in- 
stances, it  has  not  been  necessary  to  erect  machinery  for  lifting  the  ma- 
terials. But  in  the  more  level  districts  of  England  and  Scotland  machinery 
is  very  generally  employed  for  this  purpose. 

One  of  the  most  common  means  of  raising  the  loaded  barrows  is  the  in- 
clined plane  and  stationary  engine.  An  inclined  plane  is  constructed  to 
the  furnace  top  at  an  angle  of  a;bout  25  degrees,  with  two  tracks  of  rails. 
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each  track  being  traversed  by  a  platform  carriage,  which  is  drawn  np  and 
let  down  by  a  chain  from  the  engine-drum  passing  over  a  pulley  at  top. 
When  it  is  at  the  bottom  of  the  plane  the  platform  is  on  a  level  with  the 
adjacent  ground  the  barrows  are  wheeled  on  to  it,  and  it  is  drawn  up  to 
the  top,  where  it  is  brought  to  a  standstill,  with  the  platform  on  a  level 
with  the  staging  around  the  furnace.  The  barrows  having  been  discharged 
into  the  furnace,  they  are  replaced  on  the  platform,  which  is  lowered,  and 
the  opposite  carriage  with  its  loaded  baiTOWs  drawn  up.  By  employing 
two  carriages  the  one  descending  acts  as  a  counterpoise  to  the  one  ascend- 
ing, consequently  the  load  to  be  raised  at  each  time  is  simply  the  weight 
of  the  material  in  the  barrows.  To  work  an  inclined  plane  which  supplies 
four  blast-furnaces  requires  an  engine  of  ten-horse  power.  (PL  XXIII., 
Fig.  118.) 

The  great  wear  and  tear  of  the  carriages,  pulleys,  and  chains,  together 
with  their  constant  liability  to  derangement,  and  die  space  occupied  by  the 
plane,  render  this  an  expensive  method  of  raising  the  materials.  In  the 
event  of  the  chain  breaking,  which  is  not  an  imfrequent  occurrence,  con- 
siderable delay  occurs  in  the  supply  to  the  furnace,  occasioning  a  loss,  in- 
dependent of  the  cost  of  repairs  and  renewals.  Hence,  although  in  use  at 
many  old  furnaces,  the  inclined  plane  is  rarely  adopted  in  new  erections, 
and  is  likely  to  be  eventually  altogether  superseded  by  simpler  and  more 
efficient  machinery. 

The  water-balance  lift  employed  at  some  furnaces  is  a  cheap  method 
of  raising  the  materials.  It  consists  of  two  cylindrical  or  rectangular  sheet- 
iron  buckets,  or  cisterns,  suspended  from  a  strong  chain  which  works  in  a 
grooved  brake-wheel,  revolving  in  standards  at  a  height  of  10  or  11  feet 
above  the  level  of  the  staging  around  the  furnace  top.  Each  bucket  is  pro- 
vided  with  a  platform  to  receive  the  barrow,  and  has  a  valve  at  the  bot- 
tom for  discharging  the  water ;  it  is  guided  in  its  ascent  and  descent  by 
guide-rods  bolted  to  framing  at  top  and  bottom.  An  upright  pipe,  sup- 
plied with  water  (generally  by  a  plunger-pump  driven  by  the  blowing- 
engine),  and  fitted  on  the  upper  part  with  a  box  containing  two  spindle 
valves,  one  for  each  bucket,  completes  the  esssentials  of  the  apparatus* 
(PI.  XXIIL,  Figs.  114, 117.)  The  operation  of  lifting,  premising  that  both 
buckets  are  empty,  one  at  the  top,  the  other  at  the  bottom,  is  performed 
by  letting  into  the  upper  bucket,  upon  which  the  empty  barrow  stands,  a 
quantity  of  water  rather  more  than  sufficient  to  counterbalance  the  weight 
of  the  load  in  the  barrow  on  the  lower  bucket.  On  lifting  the  friction- 
brake  from  off  the  wheel,  the  greater  weight  of  the  descending  bucket 
draws  up  the  opposite  one  with  its  load  to  the  top,  where  the  contents  of 
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the  barrow  are  discharged  into  the  furnace.  To  repeat  the  operation,  the 
empty  barrow  is  replaced  on  the  upper  bucket,  and  the  valve  in  the  lower 
backet  is  opened,  to  allow  the  water  to  escape ;  a  loaded  barrow  is  wheeled 
on  to  it,  and  water  is  admitted  into  the  upper  bucket  until  it  begins  to  de- 
scend. The  velocity  of  the  descent  is  regulated  by  the  friction-brake, 
which  should  be  sufficiently  powerful  to  stop  the  buckets  at  any  desired 
spot  and  to  control  their  speed,  so  that  on  their  arrival  at  top  and  bottom 
they  may  be  brought  to  rest  without  that  concussion  so  common  with  these 
machines.  In  order  that  this  may  be  effected  by  means  of  the  brake,  the 
buckets  should  exactly  balance  each  other,  and  a  chain  should  be  hung  to 
their  bottoms,  similar  to  the  one  employed  in  lifting.  Unless  a  balance- 
chain  be  employed,  the  bucket  will  descend  with  an  accelerated  velocity 
and  strike  heavily  upon  the  bottom  framing. 

Several  modifications  of  the  water-balance  lift  may  be  seen  in  English 
and  Scotch  works.  One  consists  of  a  single  bucket  at  one  end  of  the  chain 
with  a  platform  at  the  other  end.  Water  is  admitted  to  the  bucket  at  top 
until  it  overbalances  the  load  on  the  platform,  which  is  thus  drawn  up  and 
wheeled  off.  The  descent  is  caused  by  the  excess  of  weight  of  the  platform 
and  empty  barrow  over  that  of  the  empty  bucket,  and  is  controlled  by  the 
brake.  In  another  arrangement  of  this  apparatus  the  descent  of  the  water- 
bucket  and  the  lift  of  the  barrow  platform  are  unequal ;  the  bucket  prob- 
ably descends  tlirough  a  distance  of  not  more  than  one-half  that  through 
which  the  materials  have  to  be  raised.  Separate  chain-drums  on  the  same 
axle  are  employed,  the  diameters  of  which  are  proportioned  to  each  other 
in  the  same  ratio  as  the  respective  courses  of  the  bucket  and  platform. 
The  velocity  in  this  case  also  is  under  the  control  of  a  brake. 

The  dimensions  of  a  water-balance  lift  will  depend  on  the  size  of  the 
barrows  and  the  number  of  furnaces  it  is  to  supply.  At  the  Dowlais  works 
four  furnaces  have  each  of  them  a  water-balance  lift.  But  one  apparatus 
will  generally  suffice  for  three  or  four  furnaces,  if  the  materials  to  be  lifted 
do  not  exceed  400  tons  daily.  The  greatest  load  to  be  sent  up  in  the  bar- 
rows will  determine  the  size  of  the  buckets.  With  barrows  containing  15 
cwt.  the  maximum  size  in  use — ^wrought  buckets  5  feet  square  and  2  feet 
deep — will  not  be  too  large,  and  if  of  any  other  form  they  should  be  of  the 
same  capacity.  Inch  chains  are  used  for  lifting  and  balancing,  and  the 
pipes  for  the  conveyance  and  delivery  of  the  water  are  8  inches  bore. 

Though  the  water-balance  apparatus  is  employed  at  several  new  fur- 
naces, and  is,  on  the  whole,  an  inexpensive  way  of  lifting  the  materials, 
especially  where  a  sufficient  fall  of  water  can  be  obtained  without  having 
recourse  to  pumps,  yet  the  liability  to  accident  from  the  breaking  of  the 
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ohAinB  mufit  always  prevent  it  from  being  extensively  adopted.  To  dimin- 
ish this  risk,  two,  and  sometimes  three  chains  have  been  cmnbined  to- 
gether, each  of  sufficient  strength  to  carry  the  load  singly  ;  but  the  nse  of 
these  chains  was  attended  with  a  serious  objection.  Where  a  single  chain 
is  employed  it  works  tightly  in  a  V-shaped  groove  in  the  brake  wheel, 
which  thns  has  a  controlling  power ;  but  flat  chains,  which  have  to  be 
worked  on  a  plain  cylindrical  shelve,  slip  when  the  friction-brake  is  applied 
to  check  the  speed,  and  the  brake  has  no  controlling  action  whatever.  At 
some  furnaces  steam  power  has  been  applied  to  the  hoisting  of  the  ma* 
terials  by  a  vertical  lift.  Two  platforms  are  connected  by  chains  to  oppo- 
eiie  sides  of  a  drum  keyed  on  the  engine  shaft.  Guides  for  steadying  the 
platforms  and  catches  at  the  top  to  maintain  them  in  the  required  position, 
similar  to  those  employed  in  coal-pits,  worked  by  steam  power,  are  also 
necessary.  But  the  risk  from  accident  is  equally  great,  if  not  greater,  than 
in  either  of  the  foregoing  machines,  and  doubtless  this  is  the  reason  why 
vertical  lifts,  worked  by  steam  power,  are  comparatively  rare. 

The  pneumatic  lifts  are  of  recent  date,  but  already  they  are  in  use  at 
several  Scotch,  English  and  Welsh  works.  They  supply  a  desideratum  of 
long  standing  in  numerous  iron-works,  being  superior  to  either  of  the  ma- 
chines already  described  in  freedom  from  accident,  quietness  of  motion,  and 
facility  of  management. 

The  pneumatic  lift  consists  of  a  well  in  the  rear  of  the  furnaces,  about 
7  feet  diameter,  and  8  to  10  feet  deeper  than  the  height  of  lift,  made  water- 
tight by  a  brick  or  metal  casing.  A  wrought-iron  cylindrical  tube,  open 
at  the  lower  end,  and  closed  at  the  top,  works  up  and  down  in  this  well. 
On  the  top  of  the  tube  a  suitable  platform  is  fixed  to  carry  the  loaded  bar- 
lows.  Four  chains  are  attached  to  the  platform  and  passed  over  pulleys 
on  the  top  of  the  framework,  weights  nearly  sufficient  to  balance  the  tube 
and  platform  being  hung  to  their  extremities. 

Perpendicular  timbers  act  as  guides  to  the  platform,  which  is  furnished 
with  four  angular  pulleys  as  guide  rollers.  A  pipe,  fitted  with  a  stop 
valve,  is  brought  from  the  blast  main,  carried  down  one  side  of  the  well  to 
the  bottom,  turned  up  in  the  centre,  and  brought  to  within  4  or  5  feet  of 
the  surface.  The  well  is  filled  with  water  to  within  6  or  6  feet  of  the  top. 
The  wrought-iron  tube,  open  at  the  lower  end,  stands  in  it,  surrounding  the 
central  upright  pipe.    (PL  XXIV.,  Figs.  119,  122.) 

Loaded  barrows  having  been  wheeled  on  to  the  platform,  the  stop  valve 
in  the  blast  pipe  is  opened,  the  blast  presses  against  the  top  of  the  tube  with 
a  force  proportionate  to  its  density,  and  to  the  superficial  area  of  the  end 
of  the  tube.    This  force  raises  the  platform,  carrying  the  loaded  barrows 
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to  the  top*  On  amTing*  there  the  blast  valve  is  partially  closed,  and  the 
tube  is  sustained  bj  the  elasticitj  of  the  blast  within.  The  loaded  barrows 
having  been  wheeled  off,  and  their  contents  discharged  into  the  furnace, 
thej  are  replaced  on  the  platform  for  a  descent.  The  inlet  blast  valve  at 
the  bottom  is  closed  bj  means  of  a  vertical  rod  carried  up  alongside  the 
framing,  and  the  escape  valve  in  the  top  of  the  tube  is  opened  to  allow  the 
confined  air  gradually  to  escape  into  the  atmosphere,  the  pressure  being 
removed  from  beneath,  the  platform  descends  with  a  greater  or  less  ve- 
locity, dependent  on  the  area  of  the  escape  valve.  The  density  of  the  blast 
being  fixed,  the  requisite  lifting  power  will  be  obtained  by  proportioning 
the  diameter  of  the  tube  to  the  load. 

The  great  recommendation  possessed  by  the  pneumatic  lift  over  all 
others  consists  in  the  perfect  control  which  the  workmen  have  over  its 
movements,  and.  in  its  freedom  from  concussion  in  stopping.  In  ascend- 
ing, the  speed  is  easily  regulated,  the  quantity  of  blast  admitted  being  ad- 
justed to  the  requirements  of  the  load  and  velocity ;  and  though  the  mo- 
tion may  be  rapid,  yet,  by  partially  shutting  the  inlet  valve  before  arriving 
at  the  top,  the  whole  weight  in  motion  amounting  probably  to  20  or  25  tons, 
may  be  brought  to  rest  without  any  perceptible  concussion.  While  this 
valve  is  wholly  or  partially  open,  the  pressure  of  the  blast  will  maintain  the 
platform  against  the  stop  plates  at  top,  unsupported  by  catches.  The  con- 
trol over  the  motion  in  descending  is  equally  perfect.  When  all  is  ready 
for  the  descent  the  inlet  valve  is  entirely  shut,  and  the  escape  or  discharge 
valve  in  the  closed  end  of  the  tube  opened.  If  this  valve  were  of  very 
large  dimensions  on  opening  it  the  apparatus  would  descend  with  great 
rapidity,  but  with  the  small  valves  employed  the  removal  of  the  pressure 
is  so  gradual  that  the  machine  cannot  descend  so  rapidly  as  to  produce  in- 
jury. By  partially  closing  this  valve  the  velocity  may  be  reduced;  by 
shutting  it,  and  thus  preventing  the  further  escape  of  the  confined  air,  the 
apparatus  may  easily  be,  brought  to  a  standstill  at  any  desired  point  with- 
out any  concussion.  These  are  advantages  which  no  other  kind  of  lift  poa^ 
sesses  in  the^ame  degree. 

The  employment  of  additional  levers  to  the  valves  at  top  and  bottom, 
acted  on  by  projecting  arms,  renders  the  apparatus  to  some  extent  self- 
acting.  On  approaching  the  top  or  bottom  the  levers  partially  shut  the 
valve,  so  as  gradually  to  destroy  the  motion  by  the  time  the  platform  ar- 
rives at  the  stop  plates. 

At  the  Corbyn's  Hall  new  furnaces,  one  pneumatic  lift,  with  a  tube 
about  5  4  feet  in  diameter,  lifts  the  materials  for  four  blast  furnaces.  The 
iaifit  pipe  is  equal  to  7-inch  bore,  and  a  pressure  of  blast  2^  lbs.  to  the 
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Bqnare  inch  is  nsed.  The  area  of  the  cylindrical  tube  in  square  inches,  mnl- 
tiplied  by  the  pressure,  342  in.  x  2-J  lbs.,  gives  a  lifting  power  of  7,981 
lbs.  The  load  of  materials  lifted  each  time,  including  barrows  and  work- 
men, averages  5,040  lbs.,  leaving  a  surplus  power  of  2,941  lbs.  to  cover  the 
unbalanced  weight  of  tube  and  all  contingencies.  With  a  denser  blast, 
such  as  is  used  at  some  Welsh  works,  the  same  load  could  be  raised  by 
a  tube  of  one-half  that  area ;  but  in  practice  it  is  preferable  to  use  a  large 
tube  and  increase  the  number  or  weight  of  the  barrows  in  proportion  to 
the  increased  power. 

The  working  cost  of  lifting  the  materials  with  a  pneumatic  apparatus  is 
equally  as  great  as  with  an  inclined  plane  or  water-balance  lift,  but  the 
cost  of  repairs  and  renewals  is  undoubtedly  less.  With  an  apparatus  of 
the  foregoing  dimensions,  lifting  vertically  50  feet,  the  consumption  of 
blast  is  about  1,200  cubic  feet  for  every  1 J  tons  lifted.  Allowing  that  it 
requires  8  tons  of  material  to  each  ton  of  pig-iron  made,  an  expenditure  of 
6,400  cubic  feet  of  blast,  at  a  pressure  of  2^  lbs.  to  the  square  inch, 
will  be  required  to  raise  this  weight.  The  cost  of  compressing  atmospheric 
air  will  be  affected  by  local  circumstances,  but  at  several  Welsh  works  the 
cost  of  compressing  100,000  cubic  feet  to  that  density,  including  all  ex- 
penses incidental  thereto,  will  not  exceed  3d.  This  is  equal  to  y'yths  of  a 
penny  per  ton,  and  if  to  this  be  added  another  tV^^^  ^^  *  penny  for  the 
cost  of  erecting  and  maintaining  the  apparatus,  we  have  a  charge  of  f  ths 
of  a  penny  per  ton  on  the  pig-iron  made  as  the  cost  of  lifting  the  materials 
50  feet  high. 

HEATINQ   APPABATUS. 

The  use  of  heated  air  for  the  furnaces  having  been  extensively  adopted 
in  the  manufacture  of  iron,  a  description  of  the  apparatus  employed  will  be 
necessary.  We  may  mention  here  that  the  great  saving  of  fuel  and  in- 
creased make  of  iron,  which  the  advocates  of  the  hot-air  system  so  strenu- 
ously maintain  as  invariably  following  its  application,  is  almost  entirely 
due  to  other  causes.  But  we  shall  enter  more  fully  into  this  common  mis- 
take regarding  the  hot  blast  in  our  description  of  blast  furnace  operations. 

In  furnaces  recently  erected,  sufficient  space  is  generally  left  on  each 
side  and  at  the  back  to  erect  a  separate  stove  to  each  tuyere ;  but  in  many 
old-established  works  using  the  hot  blast,  owing  to  the  limited  room  be- 
tween the  furnaces,  a  single  stove  placed  at  the  back,  or  at  a  distance  from 
the  furnace,  is  used  to  heat  the  blast  for  all  the  tuyeres.  The  plan  of  sin- 
gle stoves  possesses  many  advantages  over  the  other,  and  is  adopted  wher- 
ever it  is  practicable  to  do  so.    The  size  of  the  stove  should  bear  some  rela- 
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tion  to  the  quantity  of  blast  to  be  heated,  but  in  practice  we  do  not  find 
any  general  rule  observed.  At  some  works,  a  single  stove  employed  to 
heat  for  one  tuyere  will  be  as  large  as  one  at  other  works  heating  for  an 
entire  furnace. 

The  plan  of  stoves  generally  used,  and  which  we  have  found  capable 
of  maintaining  a  great  heat,  is  delineated  in  Pis.  XXV.,  XXVI.,  Figs. 
127,  131.  It  consists  of  two  horizontal  pipes,  14-inch  bore  and  2  inches  in 
thickness  of  metal,  having  cast  on  then*  upper  sides  a  number  of  sockets  to 
receive  the  same  number  of  small  pipes,  of  a  horseshoe  figure,  which  stand 
in  a  vertical  position,  one  leg  in  each  horizonal  pipe,  and  form  a  communi- 
cation between  them.  Below  and  between  the  horizontal  pipes  a  suitable 
fire-grate  is  constructed,  furnished  with  a  close-fitting  door.  The  exterior 
of  the  whole  structure  of  pipes  is  surrounded  with  walling  ai*ched  at  the 
top  concentrically  with  the  curve  of  the  vertical  pipes,  and  lined  through- 
out with  fire-brick.  At  one  end  a  flue  is  constructed  for  conveying  the 
smoke,  &c.,  to  a  chimney  about  8  or  9  feet  higher  than  the  roof,  having  a 
damper  to  regulate  the  draft.  To  prevent  the  heated  products  of  combus- 
tion from  escaping  too  rapidly  by  this  flue,  the  communication  to  it  is 
through  a  number  of  small  apertures  distributed  over  the  further  end  of 
the  interior ;  and  as  a  protection  to  the  horizontal  pipes  from  the  great 
heat  of  the  fire,  with  which  they  would  otherwise  be  in  close  contact,  they 
are  cased  with  brickwork  the  whole  length  of  the  fireplace.  Vertical 
binders,  resting  in  cast-iron  sockets  built  into  the  walling  at  the  bottom, 
and  connected  at  top  by  wrought-iron  bolts,  are  necessary  to  enable  the 
walls  to  withstand  the  great  heat  and  the  thrust  outwards  of  the  arched  roof. 

The  blast  is  admitted  to  one  of  the  horizontal  pipes  at  the  end  furthest 
from  the  fire,  from  whence  it  passes  up  through  the  vertical  pipes  aSd 
down  into  the  opposite  horizontal  pipe,  one  or  both  ends  of  which  are 
closed.  During  its  passage  through  the  vertical  pipes,  the  blast  will  have 
absorbed  sufficient  heat  from  them  to  raise  its  temperature  to  600  deg.  or 
620  deg.  We  have  here  supposed  that  the  cold  blast  is  admitted  at  the 
end  of  one  of  the  larger  pipes,  and  the  hot  air,  after  passing  once  over  the 
vertical  pipes,  is  delivered  at  the  furthest  end  of  the  opposite  horizontal 
main — the  plan  adopted  at  several  works.  But  another,  and  perhaps  a 
superior  arrangement,  consists  in  coursing  the  air  through  a  portion  only 
of  the  vertical  pipes  at  one  time ;  this  is  accomplished  by  fixing  stop  plates 
in  the  horizontal  pipes  at  any  required  distance,  and  so  causing  the  blast 
to  take  a  circuitous  course.  If  the  stove  consists  of  twenty-six  vertical 
pipes,  and  the  first  stop  is  betweeen  the  fifth  and  sixth  pipes,  the  blast  will 
first  pass  through  five  pipes  to  the  opposite  side  ;  then  if  the  next  stop  is 
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between  the  eleventh  and  twelfth,  it  will  return  throngh  six  pipes ;  and 
the  next  stop  again  between  the  eighteenth  and  nineteenth,  it  will  pass 
through  Beven ;  finally  returning  to  the  same  pipe  through  eight  vertical 
pipes,  after  having  coursed  a  distance  of  between  90  and  100  feet. 

The  increase  in  the  number  of  pipes  for  each  course  as  the  blast  ap- 
proaches the  end,  compensates  for  the  greater  volume  of  the  hot  air  in  the 
latter  courses.  The  blast  enters  probably  at  a  temperature  of  50  deg.,  but 
leaves  at  a  temperature  of  about  600  deg.  If  its  volume  be  equal  to  1000 
at  entering  the  stove,  it  will  have  expanded  to  2050,  or  just  twice  its 
original  volume,  on  leaving ;  hence  the  area  of  the  pipes  must  be  increased 
in  a  similar  ratio,  or  the  velocity  of  the  blast  will  be  very  great.  And 
since  an  increase  in  the  velocity  is  attended  by  a  great  increase  of  friction, 
and  consequently  by  a  diminution  of  useful  eflEect,  the  utility  of  the  in* 
creased  area  given  to  the  finishing  courses  is  generally  admitted. 

Although  the  usual  mode  of  connecting  these  pipes  is  by  having  sock- 
ets cast  on  the  body  of  the  horizontal  pipe  to  receive  the  feet  of  the  ver- 
tical pipes,  a  much  superior  plan  is  to  cast  spigots  on  this  pipe  about  6 
inches  long,  of  a  size  and  bore  similar  to  the  vertical  pipes ;  around  this 
spigot,  a  loose  socket-piece,  12  inches  long,  is  clayed  and  cemented,  and  the 
foot  of  the  vertical  pipe  is  fixed  into  the  part  projecting  above  the  spigot. 
(PL  XXV.,  Figs.  128, 129.)  This  plan  of  joining  the  pipes  is  attended 
with  additional  expense  at  first,  but  when  a  defective  or  burnt-out  pipe 
needs  to  be  changed — a  matter  of  very  frequent  occurrence  in  all  hot-blast 
apparatus — ^the  time  required  for  the  operation  is  very  much  less  than  if 
fast  sockets  were  used.  The  pipes  standing  so  close  together,  it  requires 
considerable  time  to  cut  out  a  defective  one ;  indeed,  the  labour  of  getting 
out  the  old  pipe  is  two  or  three  times  greater  than  that  of  putting  in  the 
new  one ;  but  with  socket  rings,  if  any  diflSculty  occurs,  the  ring  may  be 
broken  off  and  its  place  supplied  by  another. 

At  the  Dowlais  works,  each  of  four  blast  famaces  (Nos.  15, 16, 17,  and 
18)  is  fitted  with  three  hot-blast  stoves,  one  to  each  tuyere.  The  horizontal 
pipes  are  14  inches  internal,  and  18  inches  external  diameter.  Each  pipe 
has  on  its  upper  side  26  sockets,  6  inches  deep  and  8}  inches  between  cen- 
tres. These  sockets  receive  the  ends  of  the  vertical  pipes,  which  measure 
over  the  foot  and  crown  8  feet  8  J  inches,  and  over  the  legs  6  feet  |  inch  ; 
the  sectional  area  of  the  interior,  which  is  of  a  Y-shape,  is  18  inches.  The 
fireplaces,  two  to  each  stove,  measure  2  feet  S  inches  wide  by  6  feet  11 
inches  long. 

The  superficial  area  of  the  pipe  surface  exposed  to  the  action  of  the  fire 
in  each  stove  is  1001  square  feet.    This  quantity  of  surface  is  heated  bjr 
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two  grates  of  an  aggregate  area  of  31  square  feet  The  quantity  of  blast 
passing  through  the  inlet  pipe  of  each  stoye,  at  an  average  pressure  of 
three  pounds  to  the  square  inch,  is  2020  cubic  feet  per  minute.  Therefore 
in  these  stoves  there  are  500  square  feet  of  heating  and  15^  square  feet  of 
grate  surface  for  each  1000  feet  of  blast  heated  to  a  temperature  of 
600  deg. 

At  three  other  furnaces  at  the  Dowlais  works  (Kos.  12, 13,  and  14),  the 
stoves  are  considerably  smaller  than  the  foregoing.  The  horizontal  pipes 
are  14  inches  bore  and  14  feet  long,  with  16  sockets  for  the  vertical  pipes* 
These  measure  7  feet  9  inches  over  foot  and  crown,  by  4  feet  8  J  inches 
over  the  legs,  which  are  of  a  plain  cylindrical  section,  4  inches  bore  and 
6^  inche&  in  diameter  outside.  A  single  grate,  6  feet  11  inches  by  2  feet 
3  inches,  heats  the  apparatus.  The  total  surface  exposed  by  the  vertical 
pipes  above  the  sockets  was  603  superficial  feet.  The  grate  surface  Is  15 
feet  8  inches,  and  the  quantity  of  cold  air  entering  the  inlet  pipe,  at  a  press- 
ure of  2f  lbs.  to  the  square  inch,  was  1860  cubic  feet  per  minute*  So 
that  in .  these  stoves,  for  each  1000  cubic  feet  of  blast  entering  the  stove 
per  minute,  there  is  270  square  feet  of  heating  surface,  and  8-^  square  feet 
of  grate  surface,  or  a  little  more  than  one-half  of  the  proportional  areas  in 
the  other  stove. 

In  the  small  stoves  it  was  difficult  to  maintain  a  constant  temperature 
sufficient  to  melt  lead,  but  in  the  large  ones  this  temperature  was  main- 
tained with  great  regularity ;  we  may  therefore  conclude  that  these  stoves 
present  the  maximum  and  minimum  proportions  which  the  heating  surface 
and  grate  surface  should  bear  to  a  given  quantity  of  blast  to  be  heated  to 
about  600  deg.  in  a  given  time. 

The  vertical  pipes  we  have  described  have  their  sides  parallel  with  each 
other,  but  they  are  occasionally  constructed  with  a  greater  span  at  foot 
iJian  crown,  as  represented  in  Pis.  XXV.,  XXVIII.  The  sectional  con- 
struction is  also  occasionally  varied  from  that  given.  Circular,  Y-shape, 
flat,  oblong,  and  elliptical  forms  are  employed  with  the  view  of  obtaining 
the  greatest  area  of  heating  surface  in  the  least  space. 


SECTION  IV. 

BLAST  FURNACE  OPERATIONS. 

The  blowing-in  of  blast  furnaces  is  an  operation  demanding  great  care 
and  an  intimate  acquaintance  with  their  management.  If  it  is  hastily  done, 
the  injury  to  the  furnace  may  be  such  as  to  require  its  being  blown  out  to 
be  repaired ;  and  if  due  attention  is  not  paid  to  the  mixture  of  materials 
with  which  the  working  is  commenced,  the  results  will  be  unsatisfactory, 
much  difficulty  being  experienced,  and  time  lost  in  bringing  the  furnace 
into  a  healthy  working  condition. 

The  arrangements  for  blowing-in  having  been  completed,  as  described 
in  a  previous  section,  a  quantity  of  rough  dry  timber  is  placed  in  the  hearth, 
filling  it  to  a  height  of  five  or  six  feet.  On  this  a  quantity  of  coke  is  de- 
posited from  the  top,  filling  the  remainder  of  the  hearth  and  also  the 
boshes.  Fire  is  applied  to  the  timber,  which  quickly  communicates  it  to 
the  coke  above.  Regular  charges  of  calcined  ironstone,  limestone,  and  coke 
are  now  filled  in  till  the  materials  reach  the  throat  of  the  furnace.  The 
proportions  of  ironstone  and  limestone  to  the  coke  vary  with  the  locality, 
but  at  the  works  around  Merthyr  Tydvil,  the  proportions  are  generally  5^ 
cwt.  of  calcined  ironstone  and  If  cwt.  of  limestone  to  4  cwt.  of  coke,  con- 
taining a  large  per-centage  of  carbon.  "Wliere  the  rich  hematites  are  to  be 
smelted,  the  filling  above  the  coke  is  conducted  in  a  different  manner. 

These  ores  cannot  be  successfully  introduced  in  quantity  before  the  fur- 
nace is  brought  into  working  order.  And  if  leaner  ores  are  not  to  be  ob- 
tained, the  mixture  of  materials  at  the  commencement  may  be  good  grey 
cinders,  with  a  very  small  burden  of  calcined  ore  and  limestone.  On  these 
materials  it  will  be  well  to  let  the  funiace  run  for  some  days,  until  a  regu- 
lar flow  of  good  cinder  is  obtained  at  the  fall,  when  the  proportion  of  ore 
may  be  increased  and  the  cinders  diminished. 

Everything  having  been  arranged  for  its  admission,  blast  is  let  on  to  the 
tuyeres,  and  the  furnace  is  "  blown  in."  At  first  the  tuyere  pipes  are  of 
small  diameter,  but  in  this  as  in  too  many  other  matters  connected  with 
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iron-works  no  fixed  mle  exists,  and  a  great  difference  in  the  sizes  employed 
in  blowing-in  furnaces  at  the  same  works  maj  be  observed.  And  yet  with 
similar  ores  and  fuels,  smelted  in  furnaces  of  the  same  interior  dimensions, 
the  diameter  of  the  nozzle^pipes  first  used  should  bear  some  proportion  to 
those  eventually  adopted  with  a  fiill  blast.  We  havel  endeavoured  to  ar- 
rive at  some  fixed  ratio,  and  from  the  dimensions  of  thoseemployed  in  blow- 
ing-in  deven  blast  furnaces  under  our  own  immediate  observation,  we  find 
that  tiie  average  areaof  the  pipes  through  which  blast  is  first  nsed,  is  one- 
fifth  of  the  area  of  the  pipes  nltimately  employed.  By<  using  nozzles  upon 
this  proportion,  all  risk  of  failure  in  the  blowing-in  and  subsequent  injury 
to  the  furnace  will  be  avoided. 

For  a  furnace  of  an  interior  capacity  of  275  cubie  yards,  and  intended 
to  be  blown  With  4-inch  nozzles,  the  first  set  will  be  If-inch  bore.  After 
blowing  about  thirty  hours  these  may  be  replaced  by  a  set  of  2i-inch  bore, 
and  at  the  expiration  of  three  days  by  a  set'2f  inches.  In  ten  days  from 
the  time  6f  blowing-in,  the  pipes  may  be  increased  to  8}  inches,  and  in 
three  weeks  to  8f  inches.  Full  size  pipes  may  be  used  in  four  or  five 
weeks  aftar  blowing-in. 

The  burden  of  materials  above  described  should  be  kept  on  unaltered 
for  ten  days,  in  which  tune  the  furnace  will  go  to  from  four  hundred  to 
fonr  hundred  and  fifty  charges.  It  may  then  bo  increased  to  6  cwt.  of  cal- 
cined mine  and  2^  cwt.  of  limestone  to  the  4  cwt.  of  coke ;  with  this  bur- 
den it  will  go  about  four  hundred  charges  the  first  week  after  altering, 
increasing,  however,  to  six  hundred  and  fifty  or  seven  hundred  in  the  third 
or  fourth  week.  If  the  furnace  is  intended  for  forge-iron,  the  alteration  in 
the  burden  should  not  be  made  until  it  has  worked  successfiilly  three  or 
fonr  weeks  on  grey  iron. 

After  the  application  of  the  blast,  the  founders  will  commence  cleaning 
the  hearth  below  the  tuyere  for  the  reception  of  cinders.  -  These  will  make 
their  appearance  about  twelve  hours  after  blowing.  In  twenty-four  hours 
they  will  have  filled  the  bottom  of  the  hearth  to  a  level  with  the  notch  in 
the  damplate,  and'  in  three  days  may  be  directed  through  the  troughs  to 
the  tubs. 

The  metal  will  appear  in  about  ten  hours  after  the  cinders^  and  will 
collect  in  the  hearth  to  the  amoimt  of  3  or  S|- tons  in  sixty  hours  after 
blowing-in.  In  about  eighteen  hours  afterwards,  another  casting  of  about 
3  tons  may  be  made,  and  from  this  time  the  operation  of  i^asting  may  be 
performed  at  the  usual  stated  periods.  The  quantity  of  metal  at  each  cast- 
ing will  increase  from  2  tons  at  the  second  cast  to  about  5  tons  each  cast 
in  the  fourth  week.    From  the  first  week's  blowing  the  make  of  metal  will 
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be  abont  21  tons ;  from  the  second,  about  36  tons ;  from  tbe  third,  50  tons ; 
and  the  fourth  week's  work  will  not  fall  far  short  of  75  tons.  With  the 
burden  stated  and  full  blast,  the  make  will  reach  95  or  100  tons  at  the  ex- 
piration of  ten  or  twelve  weeks ;  but  a  greater  make  than  this  cannot, 
under  existing  circumstances,  be  obtained  from  a  furnace  of  this  size  work- 
ing on  lean  ores  for  foundry  purposes. 

Forcing  the  furnace  so  that  a  greater  make  of  iron  may  sooner  be  ob- 
tained from  it,  is  attended  with  the  most  injurious  effects  on  its  subsequent 
working.     In  the  present  day  the  majority  of  furnaces  blown-in  ai^  per- 
manently injured  by  this  practice.    The  desire  for  making  large  and  im- 
mediate returns  outweighs  all  considerations  respecting  the  destruction  of 
the  boshes  and  hearth.    The  blowing-in  is  performed  with  large  pipes,  and 
the  furnace  filled  and  worked  with  rich  ores,  or  with  calcined  ironstone 
and  forge  or  finery  cinders.    White  pig-iron  and  a  dark  scouring  cinder 
are  the  natural  results  of  such  a  proceeding.    The  make  is  considerable  for 
a  few  weeks,  but  after  that  time  it  diminishes,  and  great  diflSculty  is  expe- 
rienced in  maintaining  the  furnace  at  all  in  working  order.    Alterations 
are  then  made  in  the  burden,  the  quantity  of  blast  is  diminished  and  the 
forcing  system  suspended  for  a  period,  in  order  to  remedy  the  evils  which 
it  inevitably  occasions.    If  the  altered  mode  of  working  is  persevered  in 
for  some  weeks  the  condition  of  the  furnace  usually  improves,  and  although 
irreparably  injured,  it  may  continue  in  work  for  a  coosiderable  period. 
But  too  often,  however,  the  system  is  carried  on  till  the  boshes  are  entirely 
destroyed,  the  hearth  nearly  so,  and  the  brickwork  around  the  tuyeres  and 
over  the  fall  so  thinned,  that  the  outside  remains  at  a  red  heat.    The  breast 
is  generally  a  mass  of  red-hot  bricks,  and  through  this  and  the  tuyere  stop- 
pings the  pent-up  flame  will  frequently  burst,  showing  that  the  interior 
work  has  been  destroyed.    The  bricks,  indeed,  are  distinguishable  in  the 
cinders,  and  it  is  fi*om  the  quantity  raked  out  that  we  are  enabled  to  judge 
of  the  state  of  the  hearth  and  boshes.    The  bottom  of  the  hearth  is  repaired 
with  fire-clay,  from  the  front ;  but  there  is  no  access  to  other  portions  of 
the  hearth,  or  to  the  boshes  while  tho  furnace  is  in  blast    This  circnna^ 
stance  should  be  well  considered  when  it  is  proposed  to  force  a  furnace  to 
produce  a  great  make  of  metal.    Eventually  the  make  is  greatly  dimin- 
ished, the  metal  produced  is  of  the  ^orst  quality,  and  the  amount  of  fuel 
to  the  ton  of  metal  increases  in  an  inverse  ratio  to  the  quantity  made.    The 
amount  of  iron8>tone  is  also  increased,  and  a  dense  black  cinder  flows  slow- 
ly from  the  hearth.    In  a  few  weeks  the  increase  of  cost  consequent  on  the 
increased  yield  of  materials,  and  the  diminution  in  make,  becomes  so  great, 
that  the  furnace  is  blown  out,  and  the  interior  refitted  as  the  only  prac- 
ticable remedy. 
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A  notable  instance  of  this  forcing  system  occnrred  a  few  years  since 
at  the  British  Iron  Company's  works,  Abersychan.  No.  6  furnace  was 
blown-in  with  such  volumes  of  blast  and  rich  burden  of  materials,  that  a 
cast  of  several  tons  was  obtained  within  14  hours  after  applying  blast. 
And  the  first  week's  blowing  resulted  in  a  make  of  nearly  200  tons,  at 
which  rate  it  continued  for  two  or  three  weeks,  when  it  rapidly  dimin- 
ished, falling  as  low  for  one  week  as  19  tons.  From  this  deplorable  state 
it  was  got  to  produce  26  tons  a  week,  and  after  some  time  the  make 
reached  100  tons,  but  with  a  considerably  increased  expenditure  of  ma- 
terials as  compared  with  the  other  furnaces. 

The  introduction  of  blast  of  great  density  and  in  large  volumes  during 
the  "  blowing-in  "  of  furnaces,  must  produce  a  very  prejudicial  effect  on 
the  duration  of  the  brickwork  of  the  interior.    If  the  volume  is  so  great  as 
in  the  Abersychan  furnace,  where  the  melting  temperature  of  pig-iron  was 
created  and  pervaded  the  hearth  and  the  materials  within  the  boshes,  in  a 
few  minutes,  the  destruction  of  the  boshes  and  hearth  is  inevitable.    Brick- 
work cannot  stand  a  sudden  accession  of  temperature  like  this.    Stonework 
will  also  fail  to  continue  sound  under  such  an  ordeal.    Even  if  the  bricks 
are  well  manufactured  and  carefully  set,  the  great  heat  of  the  ascending 
gases  will  loosen  them  from  their  beds,  and  the  descending  materials  strik- 
ing on  them,  they  are  displaced,  and  descend  along  with  the  current  of 
materials  into  the  hearth.    This  destruction  of  the  boshes  is  accelerated  if 
the  materials  smelted  are  of  a  rich  quality,  and  there  is  a  deficiency  of  flux. 
It  is  well  known  that  the  cinders  ordinarily  produced  in  a  furnace  will,  on 
flowing  over  brickwork,  give  it  a  glaze  which  materially  protects  it  from 
the  influence  of  the  metal.    This  effect  is  successfully  produced  where  a 
small  blast  and  suitable  burden  of  materials  is  used  at  first.    But  with  a 
large  blast  and  rich  burden  the  cinders  produced  are  of  a  hot  scouring  na- 
ture, containing  a  large  percentage  of  iron,  and  the  temperature  of  the 
brickwork  being  kept  too  high,  it  does  not  receive  the  glaze,  and  it  there- 
fore suffers  more  readily  from  the  action  of  the  metal.    The  corroding 
effect  (if  we  may  be  allowed  the  term)  of  the  fluid  metal  on  the  unpro- 
tected brickwork  is  forcibly  shown  by  the  rapidity  with  which  certain 
portions  of  the  hearth  in  well-regulated  furnaces  are  destroyed.    The  front 
work  at  and  below  the  level  at  which  the  metal  stands  before  tapping,  has 
to  be  renewed  every  six  or  eight  days  by  lumps  of  fire-clay  tightly  rammed 
into  the  hollows.    This  fire-clay,  during  the  few  hours  which  elapse  before 
it  is  covered  with  metal,  has  not  time  to  receive  a  glaze  from  the  cinder, 
and  is  therefore  speedily  destroyed  by  the  metal,  to  be  again  and  again 
renewed. 
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THEOBY  OF  TBB  BLAST  FUBNACE. 

.  The  blast  famace  emplojed '  for  the  reduotion  of  iron  ores  into  metallic 
iron  may  be  consideored  as  an  immense  laboratorj^  wherein  the  most  yaried 
chemical  processes  are  eondncted  -with  a  regularity  and  rapidily  equalled 
only  by  the  magnitade  of  the  operations  performed.  In  the  largest  fiu^ 
naces  the  weekly  consumption  of  atoxospheric  air  amonnts  to  2318  tons  by 
weight,  and  of  solid  materials,  ore,  fuel,  andflnxy  888i;oD»*-total  3201  tons, 
or  more  than  20  tons  per  honr.  By  the  chemical  processes  of  decomposi- 
tion and  recomposition  in  operation  within  the  fnrDace,  this  weight  of  gas- 
eous aaid. solid  materials  is  resolred  into  485. tons  of  liquid  and  2716  tons 
of  gaseous  matter.  The  solids  are  introduced  inio  the>  furnace  at  the  tun- 
nel head,  the  gases-r-atmospheric  air — through  the  tuyeres. at  the heartlu 
The  liquid  products  of  the  furnace  are  obtained  &om  the  hearth  in  the  form 
of  cinder^  slag,  or  scoria,  ttom  a:  high  leyel,  and  crude  iron  from  the 
lowest  l&yel.  The.  gaseous,  ptroduets  escape  nJt  the  tunnel  bead,  and  com- 
prise  nitrogen,  oxygen  ccHubined  in  determinate  proportions  with  carbon 
forming  carbonic  acid ;  and  carbonic  oxide,  hydrog^i,  hydrogen  in  com- 
bination« with  carbon,  as  light ;  carburetted  hydrogen,  and  other  gases 
in  lesser  quantities. 

Hence  it  will  be  seen  that,  in  the  smelting  fumaee,  we  haye  a  descend- 
ing column  of  solid  materials  which  enters  at  the  throaty  and  is  resolyed 
into  gaseous  and  liquid  products,  the  latter  escaping  at  the  bottom  and 
the  former  at  the  throat,  and  an  ascending  gaseous  column  which  enters 
at  the  bottom  and  escapes  at  the  throat  of  the  furnace. 

The  transformations  which  the  ore,  fuel,  and  flux  undergo  during  the 
smelting  process,  will  be  best  considered  if  we  examine  first  the  changes 
produced  on  the  descending  mass  of  materials ;  secondly,  those  aifected  in 
the  ascending  body  of  atmospheric  air ;  thirdly,  the  chemical  action  pro- 
duced by  the  contact  of  the  descending  materials  with  the  ascending 
column  of  gases:  and,  finally,  the  composition  of  the  gaseous  produets 
resulting  from  the  operation  of  the  furnace. 

The  changes  which  take  place  in  the  descending  iron  ores  when  uncal- 
cined  ores  are  nsed,  commence  in  the  mouth  of  the  furnace^  They  there 
begin  to  lose  their  moisture,  sulphur,  and  other  yolatile  ingredients  before 
they  reach  the  leyel  of  the  boshes.  Below  this  the  ore  is  gradually  con- 
yerted  from  peroxide  into  magnetic  oxide,  or,  as  sometimes  occurs,  into 
metallic  iron,  haying  in  combination  with  it  a  portion  of  carbon  from  the 
fuel  to  form  a  fusible  carbide  of  iron.  In  the  space  from  the  bottom  of  the 
boshes  to  the  leyel  of  the  tuyeres,  the  reduction  of  the  ore  and  flux  to  a 
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fluid  stat&isoompleted.  Complete  fusion  takes  place  at  a  height  of  6  or 
8  inches  aboTe  the  tuyere,  and  from  thenee  tihie  resulting  fluids  descend 
into  the  hearth,  where  the  metal  from  its  greater  specifio  gravity  falls  to 
the  bottom  more  or  lese  freed  from  the  cinder  which  floats  on  its  surface 
and  pi*oteot8  it  £rom  the  oxydizing  influence  of  ih&  blast. 

Little  change  takes  place  in  thet  fuel  if  coke  be  employed,  until  it  ar* 
rives  within  the  boshesi  But  when  raw  coal  k  used  its  distillation  com- 
mences immediately  on  its  entering  ihe  furnace  mouth,  and  during  its 
descent  to  the  boshes  it  parts  with  its  volatile  constituents  and  becomes 
converted  into  coke»  During  the  further  descent  of  the  fuel  a  portion  of 
its  carbon  is  absorbed  by  the  ore,  and  between  the  top  of  the  hearth  and 
the  tuyere  it  is  completely  consumed — ^the  most  active  combustion  taking 
place  a  few  indies  above  the  centre  of  tiie  tuyere. 

The  flux  commences  to  undergo  a<change  from  the  time  of  its  reception 
amongst  the  ignited  materials.  Baw  limestone  being  employed,  the 
carbonic  acid  is  expelled  by  the  heat  evolved,  and  the  stone  is  converted 
into  caustic  lime.  In  this  state  it  descends  until  it  reaches  a  level  imme- 
diately above  the  tuyere,  where  it  is  fused,  and  combining  with  the  earthy 
constituents  of  the  ore,  it  falls  into  the  hearth,  and  floats  upon  the  ^rface 
of  the  metal  in  the  form  of  cinder. 

The  ascending  column  of  air  entering  the  fhmace' through  the  tuyeres 
at  the  bottom  is  decomposed  on  coming  in  contact  with  burning  fuel,  oxy- 
gen is  absorbed  to  form  carbonic  acid,  and  nitrogen  is  liberated.  When 
it  reaches  the  line  of  fusion  the  carbonic  acid  parts  with  a  portion  of  its 
oxygen  to  the  descending  fuel,  and  carbonic  oxide  is  produced,  and  as  the 
gaseous  colunm  proceeds  upwards,  the  proportion  of  carbonic  oxide  in- 
creases, xmtll  it  arrives  at  the  boshes,  from  which  point  up  to  about  half 
the  height  of  the  Aimace  the  carbonic  oxide  diminishes,  and  carbonic  acid 
again  increases  in  quantity.  Above  this  point  the  relative  proportions  of 
nitrogen,  carbonic  oxide,  and  carbonic  acid  remain  nearly  the  same ;  but 
the  volume  of  hydrogen  increases,  and  steam  begins  to  make  its  appear- 
ance,  increasing  in  quantity  up  to  the  throat,  when  the  ascending  gases 
as  they  escape  from  the  furnace  mouth  consist  of  carbonic  acid,  carbonic 
oxide,  hydrogen,  nitrogen  and  aqueous  vapour.  These  form  the  principal 
constituents  of  the  escaping  gases  of  the  blast-furnace^  but  the  composition 
of  the  ore,  fuel,  and  flux  used  in  particular  instances  will  modify  their 
composition  and  in  some  cases  add  to  their  number. 

The  whole  of  the  chemical  operations  taking  place  in  the  interior  of 
the  furnace  are  not  well  understood,  but  from  the  data  at  our  disposal, 
however,  and  from  our  own  observations^  we  believe  that  comparatively 
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little  chemical  action  takes  place  in  the  upper  portion  of  the  body.  The 
ore,  flux,  and  fuel  part  with  their  volatile  constituents,  principally  hydro- 
gen and  aqueous  vapour,  which  are  thus  evolved  in  great  abundance  in 
the  vicinity  of  the  throat.  Lower  down  the  carbonic  oxide  of  the  ascend- 
ing coliunn  reacts  on  the  oxygen  of  the  ore,  producing  carbonic  acid,  and 
converting  the  ore  into  a  magnetic  oxide.  This  reaction  appears  to  be 
continued  further  down,  but  the  rapid  descent  of  the  materials  when  once 
they  have  reached  the  boshes  leaves  the  deoxydation  and  carbonization  to 
be  performed  principally  in  the  centre  and  lower  regions  of  the  boshes. 
Down  to  the  top  of  the  hearth  the  fuel  contains  nearly  its  original  propor- 
tion of  carbon,  but  below  this  level  its  consumption  is  astonishingly  rapid. 
In  the  hearth  the  chemical  effects  of  the  blast  result  in  the  ore  losing  its 
remaining  oxygen,  which  goes  to  form  carbonic  acid  and  carbonic  oxide. 
The  metal  thus  completely  deoxydised,  combines  with  a  small  portion  of 
carbon,  and  still  descending  arrives  with  the  flux  within  the  region  of  the 
intense  heat  generated  by  the  action  of  the  blast  upon  the  fuel  just  above 
the  tuyeres.  They  here  enter  into  a  state  of  complete  fusion,  and  form  a 
compound  of  silica,  lime,  oxide  of  iron,  and  alumina,  &c.,  which  with  the 
fused  metal  drops  below  the  tuyeres  and  beyond  the  disturbing  influences 
of  the  blast  into  the  lower  part  of  the  hearth.  This  compound  eventually 
resolves  itself  into  two  distinct  layers.  In  the  lowest  stratum  metallic  iron 
will  preponderate ;  carbon,  silica,  alumina,  and  lime,  phosphorus,  sulphur, 
manganese,  &c.,  being  present  in  small  quantities.  The  upper  stratum 
consists  of  various  fused  earthy  silicates.  But  when  the  furnace  is  improp- 
erly burdened  and  the  working  deranged,  the  stratum  of  cinder  will  con- 
tain an  undue  proportion  of  oxide  of  iron. 

CHEMICAL  COMPOSITION  OF  THE  PBODXTCrS  OF  THE  FUBNACE. 

The  attention  of  chemists  has  been  frequently  directed  to  ascertain 
definitely  the  composition  of  the  various  products  of  the  blast-furnace,  both 
solid  and  gaseous,  with  a  view  to  learn  the  nature  of  the  operations  going 
on  within,  and  to  obtain  data  upon  which  to  base  efibrts  both  to  improve 
the  quality  of  the  crude  iron  and  also  to  render  more  certain  the  action  of 
the  furnace,  as  well  as  to  utilize  to  the  greatest  possible  extent  the  mate- 
rials employed  in  the  process  of  smelting. 

Beginning  with  the  gases  escaping  from  the  throat,  we  give  the  results 
of  the  experiments  made  at  one  of  the  Alfreton  furnaces,  Derbyshire,  by 
Messrs.  Bunsen  and  Playfair,  and  of  those  made  by  MM.  Ebelman, 
Scheerer  and  Langberg,  and  others  upon  furnace  gases  at  Clerval,  Bae- 
rum,  and  other  places  on  the  Continent. 
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The  composition  of  gases  withdrawn  from  various  depths  in  the  interior 
of  the  Alfreton  furnace  is  given  in  the  following  table.  The  apparatus 
used  for  collecting  the  gases  consisted  of  a  vertical  tube  suspended  over 
the  top  of  the  furnace,  and  freely  descending  at  the  same  rate  as  the 
materials  charged.  Connexions  were  attached  at  the  upper  end  for  collect- 
ing the  gases,  and  also  an  apparatus  for  ascertaining  the  pressure  exerted 
within  the  tube  at  different  depths. 

The  materials  charged  into  the  Alfreton  furnace  during  twenty-four 
hours  consisted  of  80  charges  of  420  lbs.  of  calcined  ironstone,  390  lbs.  of 
coal,  and  170  lbs.  of  limestone,  producing  140  lbs.  of  crude  iron.*  We 
have  previously  shown  that  this  furnace  received  1020  cubic  feet  of  at- 
mospheric air  per  minute.  Calculated  by  weight  and  reduced  to  the 
consumpt  per  minute,  we  have : 

Atmospheric  air       .....            .  68.91  Iba. 

Calcined  ore       ......  28.83   " 

Coal             ........  21.66   " 

Limestone          .           .           .           .           .           .  9.44  " 

And  by  referring  to  the  analyses  of  the  ore,  coal,  and  limestone,  the 
weight  of  the  gaseous  matters  in  pounds  per  minute  introduced  into  the 
furnaces,  or  evolved  from  the  respective  materials,  will  be  nearly  as  follows : 

Nitrogen,  by  the  blast  (atmospheric  air)      .         .  .  .68.91  lbs. 

"  "  ooal  ...  .03   " 

68.94  " 

Oxygen,  by  the  blast           .....  17.89  " 

"ore 4.80  " 

"            coal 2.17  " 

"            ditto 1.48  " 

"            limestone    .           •           •           .           .  296  '* 

28.74  " 

Garbon,  by  the  coal       .  •  •  .  .  16.28  '* 

"  limestone    .....      1.10  " 

17.88  " 

Hydrogen,  by  the  coal      .....  1.21  " 

From  the  amount  of  carbon  we  must  deduct  the  quantity  which  com- 
bines with  the  crude  iron,  equal  to  3  per  cent,  on  777  lbs.  of  iron,  or  23 
lbs.,  leaving  17.10  lbs.  of  carbon  available* 

The  carbon  combines  with  the  oxygen,  forming  carbonic  acid  and  car- 

*  We  have  adopted  Messrs.  Bunsen  and  Playfair^s  quantities,  but  comparing  the  produce  of 
crude  iron  (140  lbs.  per  charge)  with  the  consumption  and  richness  of  the  ore,  there  is  a  marked 
discrepancy.  For  every  100  lbs.  of  crude  metal  obtained,  there  was  consumed  800  lbs.  of  calcined 
ore,  containing  60.242  of  the  peroxide  of  iron,  yielding  122.8  lbs.  Now,  as  crude  metal  does  not 
ayerage  96  per  cent  of  iron,  it  follows  that  for  96  lbs.  obtained,  122.3  lbs.  were  smelted,  showing  a 
loss  of  24  per  cent  on  the  metal  contained  in  the  ore. 
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bonie  oxide*  The  17.10  lbs.  of  carbon  oombining  with  28.74  lbs.  of  ozygeii 
produces  29.2  lbs.  of  carbonic  oxide  and  16.6  lbs.  of  carbonic  acid.  Henee 
the  weight  of  the  issuing  gases  is  10&.95  lbs.,  isomposed  as  follows : 


Nitrogen 

.     68.94  IbB. 

=    66.6  per  cent. 

Carbonic  oxide 

29.20  " 

=     27.6       " 

"     add      . 

.     16.60  " 

=     16.6       " 

Hydrogen  . 

1.21   " 

=       1.2       " 

106.96   "       =  100.         " 

This  is  the  composition  by  weight  of  the  ascending  column  of  gases  at 
the  level  of  escape,  calculated  from  the  analyses  furnished  by  Messrs. 
Bunsen  and  Playfair.  By  comparing  these  results  with  the  analyses  of 
the  gases  from  the  same  furnace,  collected  at  a  depth  of  5  feet  from  the 
surface  of  the  materials,  the  consumption  of  carbon  even  at  this  shallow 
depth,  as  represented  by  the  richness  of  the  gases  in  carbon,  is  veiy 
evident. 

^  FiTe  feet  deep.       Borlkoe. 

Carbonic  oxide        .  .  .  .  .    26.97    .    .    27.6 

"add  ....  7-77    .    .    16.6 

At  a  depth  of  5  feet  every  100  lbs.  of  the  ascending  column  contained 
13.46  lbs.  of  carbon,  which  is  augmented  at  the  level  of  escape  to  17.1 
lbs.  by  the  combustion  of  carbon.  The  high  temperature  has  consequent- 
ly caused  the  combustion  and  escape  of  20  per  cent,  of  the  carbon  in  this 
short  depth.  Calculated  on  the  number  of  charges  introduced,  the  time 
occupied  was  only  1  hour  and  48  minutes.  iNow,  as  the  latter  weight 
represents  the  maximum  quantity  of  gaseous  carbon,  the  deficiency  at 
the  lower  level  clearly  proves  the  combustion  of  not  less  than  20  per  cent, 
of  the  carbon  charged  in  this  short  distance.  With  one-fifth  of  the  carbon 
consumed  in  the  first  hour  and  three  quarters  after  charging,  we  should 
naturally  infer  that  the  quantity  ultimately  available  for  combustion  before 
the  tuyere,  is  but  a  small  portion  of  that  charged  into  the  furnace. 

The  composition  of  the  gases  escaping  from  the  Baernm  charcoal  fur- 
nace is  remarkably  confirmatory  of  the  position  we  have  taken:  That 
from  an  imperfect  mode  of  constroctian  a  considerable  consumption  of 
coal  takes  place  in  the  upper  part  of  the  coal  and  ooke-fed  furnaces  of  this 
country,  but  which  is  not  seen  in  the  best  regulated  charcoal  fumaees 
abroad. 

In  the  Alfreton  coal-fed  furnace  we  have  seen  that  the  quantity  of 
carbon  is  diminished  one-fifth  by  combustion  in  the  first  5  feet  of  descent, 
and  that  at  the  top  it  forms  17.1  per  cent,  by  weight  of  the  escaping 
gases.  The  analyses  by  Messrs.  8cheerer  and  Langberg  of  the  gases  from 
the  Baerum  furnace  are  valuable  as  showing  an  important  difference  from 


Baernm. 

Alfreton. 

68.96     . 

.     66.6 

81.68    . 

.     16.6 

7.28    . 

.     27.6 

2.00    . 

*       "*' 

.09     . 

1.2 

100. 

100. 

11.76    . 

.     17.1 

BMrnm. 

AlfrttOB. 

68.70     . 

.     60.46 

6.64    . 

.     10.88 

28.90     . 

.     19.48 

6.69    . 

.      4.40 

.07    . 

.      4.88 

100.      . 

100. 

44.19    • 

.     11.29 
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those  of  Alfreton.    The  compooltion.  of  the  gases;  escaping  at  top  from  the 
respective  foniaces  is  nearly  as  follows ; 

Nitrogen     .  ... 

Carbonic  acid  .  .  • 

"      oxide       .... 
Garburetted  hydrogen  <.    •     ■  • 
Hydrogen   ..... 


Carbon  in  carbonic  acid  and  carbonic  oxide 

The  excess  of  carbon  in  the  Alfreton  gases  is  very  remarkable,  and 
sufficiently  explains  the  greater  yield  of  fiiel. 

Bnt  the  contrast  is  still  greater  if  we  descend  to  a  lower  level..  At 
half  the  depth  of  the  furnace  the  composition  of  the  Baemm  and  Alfreton 
gases  is  shown  by  the  following  comparative  analyses : 

Nitrogen  ..... 
Carbolic  add  .  .  • 

*'        oxide    .... 
Garbutetted  hydrogen.        .   •  . 

Hydrogen  .  •  .  . 

Carbon  in  carbonic  add  and  carbonic  oxide    . 

By  these  analyses  the  immense  difference  in  the  richness  in  carbon  of 
the  ascending  column  of  gases  in  the  respective  furnaces,  and  the  consump- 
tion at  different  heights,  is  readily  seen*  In  the  charcoal  furnace  the  14.19 
per  cent,  of  carbon  in  the  gas  at  half  the  depth  is  diminished  to  11.76  per 
cent,  at  the  surface,  of  the  materials.  The  carbonic  acid  expelled  from 
the  limestone  entering  into  combination  with  the  gases,  augments  their 
volume  and  increases  the  percentage  of  carbon  as  they  approach  the  but- 
face  leveL  In  the  coal-fed  furnace,  however,  notwithstuiding  the  carbonic 
acid  evolved  from  the  limestone  and  the  gases  escaping  from  the  coal,  the 
percentage  of  carbon  in  the  ascending  column  is  rapidly  augmented  from 
11.29  per  cent,  at  half  the  depth  to  17.1  at  the  surface. 

The  presence  of  carbonic  oidde  in  the  gases  from  the  charcoal  furnace 
shows  that  the  arrangements  of  blast  and  friel  in  that  furnace  are  not 
such  as  attain  the  greatest  possible  economy  of  fuel.  Carbon  should 
escape  at  the  top  only  as  carbonic  acid.  So  long,  then,  as  carbonic  oxide 
forms  a  portion  of  the  escaping  column,  the  carbon  is  in  excess  of  the 
oxygen  for  combustion.  With  more  perfect  arrangements  the  11.76  of  car- 
bon escaping  from  the- charcoal  furnace  may  be  reduced  to  10.2 ;  and  the 
17.1  from  the  Alfreton  furnace  to  10.0  without  causing  any  disturbance  to 
the  smelting  process,  or  impairing  the  quality  of  the  resulting  metal. 

The  richness  of  the  blast-furnace  gases  in  carbonie  oxide  has  caused 
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an  undue  importance  to  be  attached  to  them  for  heating  pnrpoBes.  While 
carbonic  oxide  enters  80  largely  into  their  composition,  there  can  be  no 
doubt  but  that  burnt  with  air  to  carbonic  acid^  a  considerable  quantity  of 
heat  is  evolved,  though  the  disturbance  to  the  smelting  operation  caused 
by  the  withdrawal  of  the  gases  more  than  compensates  for  their  heating 
value.  But  the  formation  of  carbonic  oxide  in  such  considerable  quantities 
occurs  only  with  arrangements  deficient  in  protection  against  the  combus- 
tion of  carbon  in  the  upper  part  of  the  furnace,  or  incapable  of  supplying 
the  air  requisite  for  more  perfect  combustion  at  the  tuyere.  With  other 
arrangements  such  as  we  have  described  carbonic  oxide  will  disappear  from 
the  escaping  gases,  and  with  it  also  their  value  for  heating  purposes,  ex- 
cept as  regards  the  hydrogen ;  and  its  calorific  value  is  insufficient  to  war- 
rant the  expense  necessary  for  its  utilization. 

Since  the  proportion  of  carbonic  oxide  determines  the  value  of  these 
gases  for  heating  purposes,  and  this  gas  is  not  produced  unless  from  defec- 
tive arrangements,  a  large  yield  of  it,  and  consequently  a  successfol  ex- 
ample of  its  utilization,  can  only  be  taken  as  evidence  that  the  smelting 
arrangements  are  more  than  ordinarily  defective.  With  a  very  small 
supply  of  air  in  proportion  to  the  carbon,  which  is  the  rule  throughout 
Scotland,  the  greater  value  of  the  gases  for  heating,  and  the  greater  success 
which  has  attended  their  application,  compared  with  other  districts,  is 
readily  explained.  It  must  be  borne  in  mind,  however,  that  whatever 
means  are  adopted  for  the  combustion  and  application  of  the  caloric  evolv- 
ed, the  value  of  the  gas  is  not  equal  to  that  of  the  carbon  unnecessarily 
consumed  in  its  formation.  If  we  examine  the  consumption  of  gaseous 
materials  at  the  Gartsherry  works,  we  shall  find  that  the  consumption  of 
oxygen  is  rarely  sufficient  to  oxidise  the  carbon  which  escapes  at  the  top 
in  the  form  of  carbonic  oxide,  carbonic  acid  being  entirely  wanting.  The 
proportion  by  weight  which  the  respective  gases  form  in  the  ascending 
column  is  nearly  as  follows :  Nitrogen,  55.6  ;  carbonic  oxide,  43  ;  hydro- 
gen, 1.4 ;  total,  100 — ^the  carbon  forming  18.4  per  cent,  of  the  whole. 

However  desirable  it  may  be  that  carbonic  oxide  should  not  appear 
amongst  the  issuing  gases,  it  is  impossible,  with  the  form  of  furnace  gen- 
erally in  use,  to  prevent  its  existence  to  the  extent  of  from  20  to  42  per 
cent,  of  the  entire  quantity  of  gases  escaping.  In  the  existing  furnaces  the 
carbonic  acid  formed  by  the  union  of  the  oxygen  of  the  ore  with  carbon, 
and  the  carbonic  acid  expelled  from  the  limestone,  ascend  to  the  throat, 
and  absorb  from  the  ignited  fuel  a  second  volume  of  carbon,  thereby  con- 
verting the  carbonic  acid  into  carbonic  oxide. 

The  composition  of  the  gases  withdrawn  from  various  depths  in  the 
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interior   of  the  Alfreton  furnace,  Derbyshire,  is  given  in  the  following 
table: 


Depth  in  feet 
from  top. 

6 

8 
11 
14 
17 
20 
28 
24 
34 


Nitrogen. 

65.35 
64.77 
62.67 
50.96 
65.49 
60.46 
58.28 
66.76 
68.05 


Carbonic 

Carbonic 

LIffht  Carb. 

Hxdrogen. 

Oleflant 

Acid. 

Oxide. 

Hydrogen. 

Qua. 

7.77 

26.97 

3.76 

6.73 

.43 

9.42 

20.24 

8.23 

6.49 

.86 

9.41 

23.16 

4.67 

9.38 

.96 

9.10 

19.32 

6.64 

12.42 

1.67 

12.43 

18.77 

4.31 

7.62 

1.38 

10.83 

19.43 

4.40 

4.82 

— 

8.19 

29.97 

1.64 

4.92 

-^ 

10.08 

26.19 

2.83 

6.66 

~-. 

— 

37.43 

— 

3.18 

— 

Cyanogen. 


Trace 

Trace 

1.84 


In  reference  to  this  table  it  may  be  remarked  that  the  furnace  was 
driven  with  a  hot  blast,  the  temperature  being  626.  Fahr.,  and  pressure, 
3.375  lbs.  to  the  square  inch.  The  coal  was  used  in  the  raw  state.  The 
ore  consisted  of  calcined  argillaceous  ironstone.  The  last  line  of  the  table 
shows  the  composition  of  the  gaseous  column  at  33  inches  above  the 
tuyere,  and  6  feet  above  the  hearth-stone. 

The  relative  proportions  of  oxygen  to  nitrogen,  in  the  ascending  gases, 
as  deduced  from  the  table  of  analyses,  appear  to  have  been  as  follows : 


Depth. 

Nitrogen. 

Oxygen. 

5 

79.2 

24.9 

8 

79.2 

28.6 

11 

79.2 

24.6 

14 

79-2 

19.6 

17 

79.2 

26.7 

20 

79.2 

28.7 

23 

79.2 

28.2 

24 

79.2 

27.7 

84 

79.2 

27.8 

The  pressure  within  the  tube,  as  measured  by  the  apparatus  above 
described,  appears  to  have  been  equal  to  that  of  a  column  of  water  of  the 
following  heights,  the  depths  being  in  feet  from  the  top : 


Depth. 

Preasare. 

5 

.12  incbea 

8 

.40      " 

11 

1.10      " 

14 

1.60      " 

20 

1.80      " 

28 

4.70      " 

24 

6.10      " 

Analyses  have  also  been  made  of  the  gases  produced  by  the  charcoal 
furnace  of  Vickerhagen,  Westphalia,  the  results  of  which  diflfer  materially 
from  those  obtained  from  the  Alfreton  furnace.  The  composition,  by 
volume,  of  the  Yickerhagen  furnace  gases  appears  to  have  been  as  follows ; 
the  heights  are  in  feet  above  the  tuyere : 


60 


MANUFACrmtB   OF  nUNT. 


Height  above  tuyere . 

17.76  ft. 

16.26  ft. 

14.76  ft. 

13.26  a 

11.76  ft. 

8.76  ft. 

6.76  ft. 

Nitrogen 
Garbonicacid    . 
Carbonic  oxide 
Light  carburetted  hydrogen 
Hydrogen     . 

62.84 
8.77 

24.20 
8.36 
1.38 

62.26 

11.14 

22.24 

3.10 

1.27 

66.29 
8.82 

26.77 

4.04 

.68 

62.47 
8.44 

30.08 
2.24 

1.77 

68.89 
8.60 

29.27 
1.07 
2.17 

61.46 
7.57 

26.99 

8.84 

.16 

64.68 
5.97 

26.51 
1.88 
1.06 

The  results  obtained  at  the  charcoal  furnace  of  Baerum,  Norway,  ^g^^j 
differ  very  considerably  from  those  obtained  at  either  the  English  or  the 
German  blast  furnace.  The  composition,  by  volume,  of  the  gases  from  this 
furnace,  taken  at  various  heights  above  the  tuyere,  is  represented  by  the 
following  table : 


Height  above  tuyere 


Nitrogen 

Carbonic  acid    .        .        . 

Carbonic  oxide    . 

Light  carburetted  hydrogen 

Hydrogen    . 


23.00  ft;. 

20.60  ft. 

18.00  ft. 

16.60  ft. 

18.00  ft. 

64.48 

62.66 

68.20 

64.28 

66.12 

22.20 

18.21 

12.45 

4.27 

8.60 

8.04 

16.88 

18.67 

29.17 

20.28 

8.87 

1.28 

1.27 

1.23 

1.18 

1.46 

2.63 

4.61 

1.06 

8.92 

10.00  ft. 

64.97 

6.69 

26.88 

2.96 


The  composition  of  the  gases  issuing  from  the  top  of  this  furnace,  esti- 
mated by  weight,  will  be  as  follows :  Nitrogen,  68.95  ;  carbonic  acid, 
81.68 ;  carbonic  oxide,  7.28 ;  light  carburetted  hydrogen,  2.00 ;  and 
hydrogen,  .09. 

The  composition,  by  volume,  of  the  gases  produced  in  the  working  of 
the  Clerval  furnace,  using  charcoal  as  fael,  is  stated  to  have  been : 


Height  above  tuyere 

26.60  ft. 

22.50  ft. 

17.50  ft. 

13.80  ft. 

9.60  ft;. 

8.00  ft. 

• 

Nitrogen 

Carbonic  acid 

Carbonic  oxide     .... 
Hydrogen 

67.79 

12.88 

28.61 

6.82 

67.80 

13.96 

22.24 

6.00 

68.15 

18.76 

22.66 

6.44 

59.14 
8.86 

28.18 
8.82 

60.64 
2.23 

38.64 
8.69 

68.07 

86.01 
1.92 

At  the  top  of  the  Clerval  furnace  the  ascending  column  consisted  of  the 
following  gases,  by  volume : 


Aqueous  vapour  . 
Carbonic  acid 
Carburetted  hydrogen 
Carbonic  oxide 
Nitrogen 


11.7 
12.5 
8.6 
16.6 
66.6 

100. 


A  second  series  of  experiments  on  the  Clerval  furnace  gave  the  compo- 
sition of  the  issuing  column  as  consisting  of: 


Carbonic  acid 
Carbonic  oxide 
Hydrogen 
Nitrogen 


12.88 

23.61 

6.82 

67.79 


100. 
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At  the  Audinconrt  fdmaoey  consuming  a  mktnre^of  charcoal  and  wood 
as  fuel,  the  eompofiition  of  the  gases  at  thefdmace  month  was : 

CBrt>oiiio  acid      .......  12.59 

Carbonic  oxide         .            .           .           ...  26.24 

Hydrogen           .......  6.65 

Nitrogen      .....            .                        .            .  65.62 

100. 

Hie  composition  of  the  gases  from  the  coke  fnmaces  of  Yienne  and 
Pont  TEveqae,  as  disoharged  at  tibe  throat,  appears  to  have  been  : 

Carbonic  acid         ....  11.68  .  .  7.15 

Carbonic  oxide             .           .           .  25.24  .  .  28.87 

Hydrogen        .      .           .           .           .  2.48  .  .  2.01 

Nitrogen          ....  .60.70  .  .  62.47 

100.  loa 

At  the  coke  fdmaces  of  Oagree^  Belgium,  experiments  were  made  on 
the  composition  of  the  gases  at  6  feet  below  the  top,  and  the  following  re- 
sults obtained : 

Hydrogen           ....•••  0.45 

Carburetted  hydrogen          .....  0.81 

Carbonic  oxide  ..*••..  28.68 

Carbonic  add           ......  8.64 

Nitrogen            .......  61.92 

100. 

The  foregoing  analyses  show  the  grounds  upon  which  the  yarious  at- 
tempts at  the  utilization  of  the  blast  furnace  gases  have  been  based ;  and 
from  the  very  various  results  recorded,  an  idea  may  be  formed  of  the  dif- 
ficulties attending  the  application  of  any  one  general  plan  of  collection  and 
utilization.  We  shall  give  this  subject  further  consideration  in  a  section 
specially  devoted  thereto. 

In  addition  to  the  gases,  a  considerable  discharge  of  particles  of  solid 
matter  takes  place  in  the  majority  of  blast  furnaces.  The  chemical  com- 
position of  this  discharge  is  not  known ;  it  probably  contains  a  quantity 
of  carbonaceous  matter,  along  with  other  substances.  Some  of  the  dust 
which  collects  in  the  interior  of  the  tunnel-head  was  taken  from  one  of  the 
Dowlais  furnaces  and  analysed.    The  results  were  as  under : 

Silica     .            .            .            .            .            .            .            .  80.88 

Peroxide  of  iron       .•••..  47.05 

"          manganese             .....  1.77 

Sulphate  of  lime       ......  4.42 

Lime     ........  2.80 

Phosphate  of  lime    ......  .75 

Potash   ........  1.80 

Soda             .......  .86 

Copper  ........ 

The  composition  of  the  waste  material  escaping  at  the  bottom  of  the 
furnace,  the  cinder  which  issues  over  the  damstone  or  damplate,  has  also 
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engaged  much  attention.  This  cinder  is  of  very  variable  composition,  and 
alters,  in  fact,  with  every  change  in  the  working  of  the  furnace ;  and  sel- 
dom remains  constant  in  its  character  for  any  lengthened  period.  On  it, 
however,  the  practical  metallurgist  relies  for  information  as  to  the  working 
of  his  apparatus ;  the  appearances  which  it  presents  are  carefully  noted, 
and  any  important  change  in  its  colour,  rate  of  flow,  or  general  properties, 
is  immediately  taken  as  indicating  a  corresponding  change  in  the  interior 
action  of  the  furnace.  A  full  consideration  of  this  subject  will  be  found  in 
another  section ;  at  present  we  shall  only  consider  the  chemical  composi- 
tion of  the  cinder. 

The  twelve  following  analyses  are  of  cinders  from  the  Dowlais  works, 
where  raw  coal  is  used  as  fuel  in  the  furnaces. 

Blast-famace  cinders  are  commonly  classified  by  their  colour  and  external 
aspect.    A  grey,  semi-transparent  cinder  gave  the  following  composition : 

Silica 38.40 

Alumina       .......  14.60 

Protoxide  of  iron           ......  .64 

«<           manganese       .....  1.02 

Lime       ........  86.66 

Magnesia      .......  4.4S 

Sulphide  of  calcium        ......  8.26 

Potash          .......  1.40 

Soda 29 

A  grey,  opaque  cinder,  breaking  with  a  rough  stony  fracture,  yielded : 

Silica 46.84 

Alumina       .......  16.47 

Protoxide  of  iron            ......  8.92 

**           manganese       .....  1.88 

Lime       .            .            .            .       '    .            .            .            .  24.66 

Magneria       .......  6.66 

Sulphide  of  calcium         ......  .79 

Potash          .......  2.88 

A  brown  coloured  cinder,  transparent  on  the  surface,  opaque  under- 
neath, yielded : 

Silica 40.92 

Alumina       .......  14.86 

Protoxide  of  iron  .  .  .  .  .  .1.67 

"  manganese      .....  .97 

Lime      ........     82.29 

Magnesia      .......  '4.86 

Sulphide  of  calcium        .  .  .  .  .  .1.61 

Potash         .......  1.88 

A  cinder  of  a  black  colour,  stony  opaque  fracture,  semi-transparent  at 
the  edges,  gave : 

SiUca 84.96 

Alumina       .......  16.66 

Protoxide  of  iron            ......  6.88 

**           manganese       .....  .99 

Lime       ........  29.48 

Magnesia       .......  6.86 

Sulphide  of  calcium         ......  1.46 

Phosphoric  acid        .            .            .            •            .            .  2.63 

Potash    ........  1.88 
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A  cinder  of  a  dark  green  colour  on  the  exterior,  and  a  greenish  black 
in  the  centre  of  the  masses,  smooth  glossy  fracture,  yielded  by  analysis : 


Silica      .            .            .            . 

.    40.04 

Alumina 

• 

■            • 

12.69 

Protoxide  of  iron 

.       7.81 

^*          manganese 

• 

•           • 

1.12 

Lime      .            .            .            . 

.     82.36 

Magnesia 

• 

•           • 

1.65 

Sulphide  of  calcium 

.       1.82 

Potash 

« 

•           • 

1.28 

Phosphoric  acid 

.       1.08 

A  cinder  of  a  deep  olive-green  on  the  exterior,  nearly  black  in  the  cen- 
tre of  the  cinder  pig,  gave : 

Silica 46.60 

Alumina      ......            •  16.70 

Protoxide  manganese     ...  .  .  .1.40 

Lime           .......  21.65 

Magnesia                        .            •                        .            •            •  4.85 

Sulphide  of  calcium             .            .            .            ...  .65 

Potash  and  soda             ......  2.03 

Protoxide  of  iron     ......  8.03 

A  blast-furnace  cinder,  of  a  heavy,  dark  colour,  approaching  to  black, 
and  of  a  dull  stony  fracture  in  the  interior,  yielded : 

Silica      .  .  .  ...  .  .  .     39.99 

Alumina       .......  15.50 


Protoxide  of  iron 

**         manganese 
Lime 
Magnesia 
Potash 

Sulphate  of  lime 
Sulphide  of  calcium 
Phosphoric  acid 


4.80 

.79 

30.64 

8.30 

2.07 
.51 

1.96 
.23 


A  cinder,  somewhat  similar  to  the  preceding  in  colour  and  fracture, 
but  of  a  glassy  smoothness  on  the  exterior,  yielded : 


Silica 
Alumina 
Protoxide  of  iron 


40.76 

•  ••...  17.80 

1.20 

manganese       .....  .64 

Lime      ........  81.59 

Magnesia      .......  4.68 

Potash    ........  1.41 

Sulphide  of  calcium  ......  2.41 

A  cinder  of  a  greenish  colour  on  the  exterior,  approaching  to  the  de- 
scription known  as  "  half-scouring,"  gave : 

Silica      ........  40.10 

Alumina  .  .  •  .  •  .  16.41 

Protoxide  of  iron  ......        .76 

'^  manganese       .....  1.18 

Lime      ........  31.49 

Magnesia      .......  5.08 

.  Potash    ........  1.96 

Sulphide  of  calcium .  .  .  .  .  2.81 

A  cinder  similar  in  appearance  to  the  last,  but  rather  deeper  in  colour, 
and  likewise  known  as  ^'  half-scouring,"  gave : 
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Silica 88.89 

Alumina       .......  17.17 

Protoxide  of  iron           ......  1.81 

**           manganese       .....  .68 

Lime       ........  86.20 

Magnesia      .......  2.84 

Potaah    ........  1.89 

Sulphide  of  calcium .           .           .           .           .           .  2.18 

A  grey,  stonj  cinder,  of  a  bliuBh  colour  on  the  exterior,  rough  stonj 
fracture  in  the  interior,  yielded : 

Silica      ........  88.61 

Alumina       .......  16.67 

Protoxide  of  iron           ......  .64 

««           manganese       .....  .95 

Lime      ........  86.23 

Magnesia      .                        .            .         •  .                        .  2.71 

Potash    ........  1.60 

Sulphide  of  calcium .            .           .           .           •           .  2.98 

A  grey  cinder,  of  smooth  fracture  in  the  interior,  transparent  on  the 
edges,  in  thin  pieces,  and  of  a  glassy  smoothness  on  the  exterior,  gave  on 
analysis : 

Silica 41.08 

Alumina       .......  19.47 

Protoxide  of  iron           ......  .82 

*^           manganese                  .           .       «  .  .47 

Lime 27.18 

Magnesia      .......  6.48 

Potash    ........  2.40 

Sulphide  of  calcium  ......  8.68 

The  following  analysis  is  of  a  cinder  of  a  dull  leaden  fracture,  from  one 
of  the  furnaces  in  the  Aberdare  valley ;  and  the  mass  from  which  the  sam- 
ple was  taken  contained  numerous  cavities  of  from  2  to  6  inches  in  diam- 
eter, filled,  more  or  less,  with  cinder  in  a  peculiar  state  of  crystallisation. 
The  crystals  consisted  of  straight  needles  of  black  cinder,  crossing  and  in- 
terlaced with  each  other,  but  of  so  fine  a  texture  as  not  to  bear  handling 
without  breaking : 

Silica 44.99 

Protoxide  of  iron     ......  9.86 

Alumina             .......  10.91 

Protoxide  of  manganese       .....  1.16 

Lime      ........  28.48 

Magnesia      .......  8.61 

I                                                             Sulphuric  acid    .           .           .           ...           .           .  1.66 

Phosphoric  acid        ......  Traces 

A  sample  of  these  needles  was  submitted  to  analysis  with  the  following 
'   results : 

Silica 89.80 

Protoxide  of  iron      ......  7.26 

^*           manganese             .....  1.68 

Alumina       .......  18.60 

Lime      .            .            .            .            ...            •            .  81.16 

Magnesia      .......  4.09 

Sulphur  ........  0.48 

Phosphoric  acid        .           .           .           .           .           .  0.61 

The  examination  of  a  number  of  crystalline  cinders,  produced  by  blast- 
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furnaces  near  Dudley,  gave  results  not  dissimilar  to  the  foregoing, 
samples  of  hot  blast,  coke-smelted  cinders,  yielded  by  analysis : 


65 
Four 


1 

9 

8 

4 

Silica       .... 

88.06 

88.76 

87.68 

87.91 

Alumina 

14.11 

14.48 

12.78 

18.01 

Lime        .... 

85.70 

85.68 

88.46 

81.48 

Ma^esia 

7.61 

6.84 

6.64 

7.24 

Protoxide  of  iron 

1.27 

1.18 

8.91 

0.98 

"           manganese 

0.40 

0.23 

2.64 

2.79 

Potash     .... 

1.85 

1.11 

1.92 

2.60 

Sulphide  of  calcium 

0.82 

0.98 

0.68 

8.66 

A  fifth  sample  of  Stafibrdshire  cinder,  cold  blast,  yielded  : 

Silica      .  .  .  .  .  .  .  .89.62 

Alumina      .......  16.11 

Lime      ........     82.52 

Ifagnesia      ...  .  •  •  8.49 

Protoxide  of  numganese  .  •  •  .2.89 

"  iron     ......  2.02 

Potash    ........       1.06 

Sulphide  of  calcium  .  .  .  .  2.16 

A  sample  of  cinder,  taken  from  the  Oldbury  furnaces,  is  chiefly  remark- 
able for  the  large  percentage  of  lime  and  sulphide  of  calcium : 

SiUca 28.82 

Alumina       .  .  .  .  .  .  .24.24 

Lime      ........  40.12 

Magnesia       .......  2.79 

Protoxide  of  manganese             .....  0.07 

"           iron      ......  0.27 

Potash    ...            .            .            .            .            .  0.64 

Sulphide  of  calcium             .            .           .           .           .  8.88 

Two  samples  of  cinders  from  Belgian  coke-furnaces  gave : 

Silica         ...... 

Alumina         ..... 

Lime         ....•, 

Ifagnesia         .  .  .  •  • 

Protoxide  of  manganese    .... 

"  iron        ...  1 

Potash      ...... 

Phosphate  of  alumina  • 

The  analyses  of  two  cinders  from  the  blast-furnaces  of  Olsberger,  on  the 
Khine,  yielded  results  less  complicated  than  the  foregoing : 

Silica         ...... 

Alumina  ..... 

Lime         ...... 

Magnesia        .  .  .  .  ; 

Protoxide  of  manganese    .... 

iron        .... 


42.06     .     . 

.     66.77 

12.98     .     . 

.     18.90 

82.68    . 

.     22.22 

1.06    .     . 

2.10 

2.26     .     . 

2.62 

4.94    .     . 

2.12 

2.69    . 

1.78 

0.81     . 

— 

it 


68.87    .    . 

.     68.76 

5.12    . 

.      4.76 

80.71     .    . 

.     29.48 

9.60    .    . 

9.82 

1.41     .     . 

1.80 

0.96     .     , 

1.48 

The  analyses  of  cinders,  thus  far  given,  are  the  results  of  researches 

made  with  the  object  of  determining  the  chemical  composition  of  these 

products  of  the  blast-furnace.     The  following  were  undertaken  with  a 

view  of  ascertaining  their  chemical  constitution,  and  the  relation  which 
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exists  between  tbe  oompositioii  of  the  dnder  and  thftt  of  the  enide^iitni, 
obtained  at  the  same  time. 

A  hot-blast  slag,  of  a  grey  colour,  and  presenting  the  qtialities  of  a 
good  cinder  as  it  came  from  the  foimdry  iron  fdmace  at  Dowlais,  gave 
by  analysis : 

Silica 89.64 

Protoxide  of  iron      ..••..  Traces 

Alumina            .......  24.06 

Protoxide  of  manganese      .....  1.16 

Lime      ........  82.49 

Magnesia     .......  2.61 

Sulphur  ........  0.19 

The  foregoing  cinder  was  accompanied  by  the  production  of  No'.  1  pig- 
iron,  of  the  following  composition : 

Iron    - 94.67 

SiUoon 1.80 

Carbon  ........  2.06 

Sulphur        .           .           •           .           .            .           •  0.09 

Phosphorus        ....                       .           .  Traces 

Manganese   ...                      ...  1.86 

Calcium ........  0.60 

Magnesium  ;           .           •           •           •                      •  0.11 

A  blast-furnace  cinder  of  a  grey  colour,  but  not  quite  so  good  in  quid- 
ity,  discharged  by  the  same  furnace  as  the  preceding,  yielded : 

SiUca 89.40 

Protoxide  of  iron                 .            .            .           .            .  1.08 

**           manganese            .....  Trace 

Alumina       .                       .                       .           .           .  23.20 

Lime      . 82.70 

Magnesia                                                                 .  1.60 

Sulphur.            .......  0.80 

Phosphoric  acid       ......  0.40 

This  cinder  was  accompajiied  by  the  production  of  pig-iron  of  No.  3 
qualify,  which  yielded  as  its  composition : 

Iron        .                        .            .            .            .            .            .  98.46 

Silicon         .......  1.42 

Carbon    ........  2.86 

Sulphur        .           .           .           .           .           .           •  0.08 

Phosphorus        .......  0.81 

Manganese    ...                      •           .  1.67 

Calcium ........  0.67 

Magnesium  .......  0.18 

A  cinder,  produced  by  one  of  the  Dowlais  furnaces,  working  with  a 
cold  blast,  and  heavy  mixed  burden  of  materials,  gave  the  following  com- 
position : 

Silica 40.60 

Protoxide  of  iron     ......  1.66 

"           manganese            .....  0.66 

Alumina                             .           .           .           .           .  17.87 

Lime 87.16 

Magnesia      .......  2.88 

Sulphur  ........  0.76 

Phosphoric  add       ......  0.28 
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The  Mast-fcmiace  disdiarging  the  pirocedmg  einder  yielded  aTrhit&pig- 
iron  of  the  following  oompoiaitiOB :  ' 

Iron        ........  95.16 

Silicon          ...           .                       .                       .  0.48 

Carbon    .            .                        .           .            ...  2.49 

Sulphur                    .           •         .  •           •            .           .  0.76 

Phosphorus         .                        .           .  0.68 

MsD^mese   ...                       •                                  .  0.65 

Galdum  ........  0.96 

Magnesium   .......  0.22 

A  cinder  similar  to- the  last,  aad  aL»o  from  one  ofthe  Dowlaia  forDaces^ 
working  with  a  heavy  mixed  burden,  but  blown  with  a  hot  blast,  gave- the 
foUowing  result : 

Silica 48.18 

Protoxide  of  iron      .  .            .            .            .            .             1.50 

Alumina             .           .  .           .           .           .           .    17.50 

Protoxide  of  manganese  Trace 

Lime                   .            .  .            .           .           .            .    81.24 

Magnesia  5.65 

Sulphur  .            .  •         .  .            .            •           .      1.14 

This  cinder  was  acoompanied  by  a  white  p^^irooi  of  the  following  Com- 
position : 

Iron       ........  9ZM 

«  Silicon          .......  1.12 

Carbon   .           .           .           .           .           ,           .           .  2J0  . 

Sulphur        .......  0.60 

Phoephonis                    ...                       .           .           .  0.62 

Manganese    .......  0.88 

Calcium ........  0.45 

Magnesium   ,         •  ^           .           .                       .           .  0.20 

A  white  pig-iron  smelted  at  one  of  tthe  Dowlais  furnaces^  from  aoaixed 
burden  of  calcined  argillaceous  ore,  hematite  ore,  and  forge  and  finery 
cinders  mixed  with  a  limestone  flux,  raw  coal,  and  a  hot  blast — ^the  furnace 
being  in  that  condition  known  to  the  smelter  as  "  scouring  badly,"  that  is, 
throwing  a  dense  blaok  cinder,  containing  a  large  percentage  of  prot02dde 
of  iron — gave  by  analysis  the  following  composition : 

Iron 93.44 

Silicon  .......  0.92 

Carbon    .  .            .            .            .            .            .            .  2.22 

Sulphur  .......  1.18 

Phosphorus  .......  1.04 

Manganese  .......  2.02 

Calcium  .......  0.25 

Magnefflum  ......  Traces 

The  "  scouring  cinder  "  yielded  by  this  furnace  gave  by  analysis  the 
following  results : 

SUica 44.60 

Protoxide  of  manganese       .           •           .  2.62 

"iron 2.68 

Alumina       .           .           .           •           .           .           •  18.10 

Lime                  .            .            .            .           •       •    •            •  29.19 

Phoe^oiio  add     '■   ;           .           .           .           .  0.10 

Sulphur  ........  1.06 
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A  cinder  from  one  of  the  Abemant  furnaces  in  the  Neath  Valley, 
working  with  anthracite  as  fuel,  yielded  a  composition  as  follows : 

Silica .    39.85 

Protoxide  of  iron      ......  0.90 

*«         manganefle  .....      0.18 

Alnmma^         .......  16.06 

Lime 41.80 

Magnesia       .......  0.88 

Sulphur.            .......  0.92 

Phosphoric  add        .           .           .           .           .            .  0.S4 

This  cinder  was  accompanied  by  the  production  of  a  grey  anthracite 
pig-iron  of  the  following  composition : 

Iron 96.81 

SiUoon 1.84 

Carbon  ........  1.66 

Sulphur         .......  0.17 

Phosphorus        .......  0.21 

Manganese    .......  1.56 

Calcium              .            .            .            .            .            .            .  0.26 

Magnesium    .                        .         '  •           .            .  0.12 

The  blast  on  this  furnace  was  hot,  the  throat  large  and  open,  and  the 
entire  circumstances  favourable  to  the  production  of  a  comparatively  pure 
iron.  From  these  figures  some  idea  may  be  formed  as  to  the  derivation 
of  those  qualities  for  which  anthracite  pig-iron  is  so  well  known. 

A  blast-furnace  cinder  of  a  green  colour,  discharged  by  one  of  the 
Ebbw  Vale  furnaces,  working  with  a  mixed  burden,  of  which  the  spathose 
ores  of  the  western  district  formed  part,  a  hot  blast,  and  the  throat  of  the 
furnace  closed  for  collecting  the  combustible  gases,  gave  by  analysis : 

Silica 48.65 

Frotoiide  of  iron      ......  8.74                                  ! 

"         manganese            .....  0.25 

Alumina       .......  20.40 

Lime      ........  28.85 

Magnesia      .......  1.10 

Sulphur  ........  0.65 

Phosphoric  acid        ......  0.85 

This  cinder  was  accompanied  by  the  production  of  a  white  pig-iron  for 
the  forge,  of  the  following  composition  : 

Iron        .            .            .            ,            .            .            .            .  89.76 

Silicon          .......  2.02 

Carbon    ........  1.88 

Sulphur         .......  1.28 

Phosphorus         .......  1.52 

Manganese    .......  4.18 

Calcium              .......  0.21 

Magnesium    .......  0.06 

At  Cwm  Celyn  the  furnaces  are  worked  with  closed  tops,  hot  blast, 
and  a  mixture  of  coal  *and  coke  as  fuel ;  the  cinder  produced  by  one  of 
these  furnaces,  xmder  a  mixed  mineral  burden,  yielded : 
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Silica 60.60 

Protoxide  of  iron      .  .  .  .  .  .10.10 

Alumina             .......  17.20 

Protoxide  of  manganese       .....  2.24 

Lime 18.07 

Magnesia      .......  6.04 

Salphuric  acid     .......  0.27 

Phosphoric  add        .                       .           .  0.16 

The  cinder  was  accompanied  bj  the  production  of  a  white  pig-iron,  for 
forge  purposes,  which  presented  the  following  composition : 

Iron      ........  96.618 

SiUcon 1.012 

Calcium            •            .            .            .            .            .  *         .  0.820 

Carbon        .......  1.690 

Sulphur             .......  0.640 

Phosphorua             ......  0.820 

At  the  Bhjmnej  works  some  of  the  furnaces  are  worked  with  a  mixed 
burden,  hot  blast,  and  the  top  closed  for  utilisation  of  the  gases.  A  par- 
tial analysis  of  a  cinder  from  one  of  these  furnaces  gave : 


Silica      ........    42.80 

Protoxide  of  iron      ......  9.76 

**         manganese  ) 

Phosphoric  add                >         .            .            .            .  .16.90 

Alumina  )' 

Lime             .......  28.86 

Magnesia                        .            .            .           .            .,  .      1.18 

Sulphur                     .            .            .            .            .       '     .  0.64 


This  cinder  was  accompanied  bj  white  pig-iron,  for  forge  purposes, 
which  gave  as  follows : 

Iron 98.11 

Silicon          .......  0.46 

Carbon  ........  1.86 

Sulphur         .......  1.82 

Phosphorus        .......  1.10 

Manganese    .......  0.98 

Calcium              .......  0.87 

Magnesium   .......  0.21 

The  Rhymney  Company  have  other  furnaces  working  on  a  mixed 
burden,  and  blown  with  a  hot  blast,  but  having  the  throat  open  and 
uncontrolled.  The  white  pig-iron  produced  by  these  furnaces  is  for  forge 
purposes,  and  a  sample  taken  from  one  gave  the  following  results : 

Iron       ........  91.26 

SiUcon 0.88 

Carbon   ........  2.22 

Sulphur.       .        -    .            .            .           •           .            •  1.49 

Phosphorus        .......  1.87 

Manganese    .......  2.62 

Calcium.            .......  0.60 

Magnesium   .......  0.17 

Experiments  were  made  on  the  Continent,  at  the  charcoal  blast-furnace 
of  Hamm,  where  the  ore  is  smelted  without  the  addition  of  any  material 
as  flux.  The  burden  of  ore  was  successively  largely  augmented,  and 
cinders  of  the  following  composition  appear  to  have  been  discharged  under 
three  different  proportions  of  burden : 
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SOica           ....  49.67  .  .  48.89 

Alumina                         .           .  9.00  .  .  ft.66 

Protoxide  of  iron     ...           .  0.04  .  .  0.06 

"         manganese            .  26.84  .  •  88.96 

Magnesia                            .           .  16.16  .  .  10.22 

Sulphur  ....  00.8  .  .  00.8 


8180 

2.10 

21.60 

29.20 

8.60 

0.02 


The  crude  irons  produced  with  these  cinders  were  of  very  different 
qualitiee.-  The  fifst  was  accompanied  hj.  a  grqr  pigriran ;  the  second  by  a 
white,  lanunelar,  pig-iron;  the  third  by. a  granukr  pig-iron^  white,  and 
containing  small  cavities.  With  this  last  the  augmentation  of  burden  had 
been  carried  so  far  as  to  endangier  the  furnace : 


Iron  .            .            .'           .     86.78  .  .  89.74 

Manganese         •                                   7.42  .  .  4.60 

Silicon  ....      1.81  .  .  0.66 

Graphite             ...            2.88  — 

Carbon  .           •           .            .      2.08  .  :  .  6.14 

Sulphur  .           .           .           •          Traces  .  .  Traces 

Phosphorus  .            .            .            ;      0.08  .  .  0.08 

Magnesium                    .           •       .  Trace  .  .  Trace 


96.21 
1.79 


2.91 

0.01 

0.08 

Trace 


A  blast-ftimace  cinder  irom  Torgelow,  in  Pomerania,  smelted  with 
charcoal  fuel,  from  bog  ores  containing  much  phosphorus,  yielded  by 
analysis : 

SiUca      .            . 68.60 

Alumina        .           .           .            .    •       .            .            .  8.80 

Lime      ........  24.00 

Protoxide  qf  iron      ..«••.  1.70 

**         manganese            .....  8.90 

Magnesia      .......  1.20 

The  aboTe  cinder  was  of  a  bluish-white  colour,  and  was  from  a  furnace 
which  produces  grey  pig-iron  of  the  following  composition : 

Iron       .  .  .  .  .  .  »  .  91.10 

Manganese   .......  2.80 

Carbon   ........      2.60 

SiUcon 0.40 

Phosphorus        ..;...•      8.10 

This  crude  iron. is  chiefly  remarkable  for  containing  a  large  quantity 
of  phosphorus ;  from  another  furnace,  however,  similarly  worked,  pig-iron 
was  obtained  containing  a  still  larger  amount  of  this  body.  The  compo- 
sition of  some  from  Pertz  was : 

Iron 91.40 

Manganese    •           •           •           •           •           .           •    .  0.90 

Carbon  .            .            •            .            •            .            .            .  1.90 

SUicon 0.20 

Phosphorus        .......  6.60 

We  will  now  give  examples  of  the  composition  of  yaaious  English  and 
f(»eign'  pig-irons,  produced  under  circumstances  differing  either  as  to 
character  or  proportion  of  ftiel,  flux,  ore  and^  blast.  These  analyses  have 
more  especial  reference  to  the  elucidation  of  the  sources  from  which  pig- 
rroBB  derive  their  peculiar  and  characteristic  properties^  aa  developed  in 
the  cast  and  manufactured  state. 
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A  wUte  pig-iron,  smelted  at  the  Dowlaia  works  witka  cold  blast,  from 

refinery  cinders,  and  argHlaceons  shale  and  limesttme  as  fliix,  raw  coal  as 

fuel.    This  iron  is  known  in  commerce  as  "kentledge,-'  and.  gave  the  fol- 
lowing composition : 

Iron .  91.25 

SOioon 0.88 

Carbon  .            •            .            .            .            .            ...  1.68 

Sulphur '         •            •  1.49 

Phosphorus        .......  2.48 

Hangtoeae   .......  1.04 

Calcium              .......  0.62 

Magnesium  .            .                       .           •  '        .           .  0.15 

No.  1,  grey  pig-iron,  smelted  at  the  Dowlais  works,  from  the  cleanest 
varieties  of  calcined  argillaceous  ores,  the  best  furnace  coal,  and  a  cold 
blast,  in  a  furnace  of  smaller  dimoisions  than  those  now  in  use  at  that 
establishment,  gave  by  analysis : 

Iron       .  .  .  .  .  •  .  .    95.05 

Carbon         ..,••..  8.24 

Silicon   .  .  .  .  •  .  •  .        .78 

Aluminium   .......  .86 

Sulphur  .  .  .  .  .  .  .         ■  .     Traces 

Pho^homs  •».....  Traces 

A  white  pig-iron,  smelted  at  the  same  works,  from  a  lean  argiUaceous 
ore,  yielded  by  analysis : 

Iron       ........  90.60 

Carbon                     .            .            .            •            .            .  1.27 

Silieon    .                                    .            .            .            .            .  6.96 

Aluminium    .......  0.82 

Sulphur  ........  0.82 

Phosphorus  ........  Traces 

The  iron  made  at  the  same  works,  with  a  mineral  burden  com;)osed  of 
two  parts  of  the  local  carbonaceous  ore  and  one  part  of  forge  cinders,  gave 
a  composition  of : 


Iron 
Carbon 
Silicon     . 

Sulphur  . 

Phosphorus 

Manganese 


89.84 
1.22 
6.92 
0.80 
0.48 
0.85 

Traces 


The  composition  of  two  specimens  of  pig-iron,  from  the  Level  furnaces, 
Dudley,  smelted  from  the  local  ores,  with  a  cold  blast,  is  stated  to  have 
been: 


Iron 

Combined  carbon 

Free  carbon 

Silicon 

Manpmese 

Calmum 

Sodium     . 

Potassium 

Sulphur     . 

Phosphorus 


94.10 
1.87 
1.92 
1.80 
1.12 
0.06 
0.12 
Trace 
Trace 
0.21 


96.67 
0.96 
1.67 
0.61 
1.16 
Trace 
Trace 
0.42 
0.11 
0.86 


72 


MAinn'ACTCBE   OF  IBON. 


95.28    . 

.     96.80 

1.11    .    . 

2.72 

0.49     .     . 

0.26 

0.81     .     . 

0.11 

0.84    .     . 

0.54 

0.10    .     , 

0.06 

0.19     .     . 

0.14 

Trace    .    . 

Trace 

0.12    .    , 

0.37 

The  composition  of  two  Bpecimens  of  pig-iron,  from  the  same  fomaces, 
smelted  imder  similar  circumstances  as  regards  the  minerals  and  fuel,  but 
with  a  hot  blast,  is  stated  to  have  been  : 

Iron 

Ck>mbmed  carbon 

Free  carbon 

Silicon 

Maueanese 

Calcium 

Sodium 

Sulphur 

Phosphorus 

In  making  the  preceding  and  other  analyses  of  irons  from  the  Levd 
fdmaces,  the  analyst  (Wrightson)  was  led  to  infer  that  the  temperature 
of  the  blast  affected  the  quantity  of  phosphorus  in  the  pig-iron.  The  pro- 
portion found  in  eight  samples  of  each  description  of  iron  is  represented 
in  the  following  table : 

No.  1 
2 
8 
4 
6 
6 

8 

The  analysis  of  a  specimen  of  Staffordshire  pig-iron,  the  furnace  not 
known,  gave  a  composition  of: 

Iron       ........  95.78 

Combined  carbon     ......  2.22 

Free  carbon        .......  0.68 

•  Silicon          .......  0.95 

Sulphur  ........  0.15 

Phosphoric  add        ......  Traces 

The  difference  in  the  composition  of  pig-irons  smelted  by  a  cold  blast 
and  those  smelted  with  a  heated  blast,  is  attempted  to  be  given  in  the  fol- 
lowing analyses  by  (Thomson) ;  but  the  absence  of  phosphorus  and  the 
single  reference  to  sulphur,  an  ingredient  which  unquestiouably  exists  in 
nearly  all  irons  smelted  with  coal  or  coke,  must  cause  much  distrust  as  to 
their  general  correctness : 

Analtbis  of  CM-ilast  Pig-iron»  Smelted  in  Scotland. 


Cold  blast 

Hot  blast 

0.47     . 

.     0.61  per  cent. 

0.41     . 

.    0.55 

0.81     . 

.     0.50 

0.20     . 

.     0.71 

0.21     . 

.     0.54 

0.86     . 

•          •"■^^ 

,     0.08     . 

.    0.07 

0.86     . 

.    0.40 

Molrkirk. 

Mnlrklrk. 

Mnirkirk. 

CarroD. 

Clyde. 

Iron 

90.98 

90.29 

91.88 

94.010 

90.824 

Manganese        .... 
Sulphur 

— 

7.14 

2.00 

.626 

2.458 
.045 

Carbon 

7.40 

1.706 

4.88 

8.086 

2.458 

SiUcon 

.46 

880 

1.10 

1.006 

.450 

Aluminium       .... 

.48 

.016 

— 

1.022 

4.602 

Calcium 

— 

.018 

.20 

— 

— 

Magnesium       •        •        •        • 

— 

~— 

— 

"■" 

.840 
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Ana&tsis  of  Hat-blast  Fig-iraru  Smelted  in  Scotland, 


Iron     . 

Manganese 

Carbon 

Silicon 

Alaminiam 

Hagneaum 


Clyde. 

CarroD. 

Carron. 

Clyde. 

97.096 

96.422 

96.09 

94.966 

.882 

.886 

.41 

.160 

2.460 

2.400 

2.48 

1.560 

.280 

1.820 

1.49 

1.822 

.885 

.488 

.26 

1.874 

— 

— 

— 

.792 

Clyde. 


94.845 

8.120 

1.416 

.520 

.599 


Orey  Iron. 

White  Iron. 

92.80     . 

.     92.24 

1.80    .     . 

1.52 

0.40     .     . 

0.30 

1.40    .     , 

0.60 

1.80     .     , 

0.95 

2.80     .     . 

1.79 

^^■^            • 

2.60 

The  following  analysis  of  a  grey  pig-iron  from  the  Clyde  furnaces  pre- 
sents results  different  from  those  exhibited  by  the  preceding  analyses  of 
Scotch  irons.  The  composition  of  a  white  pig-iron  from  these  furnaces  is 
likewise  given : 

Iron  .  .  .  . 

Free  carbon  .  •  .  • 

Combined  carbon  .   -        . 

Sulphur  .... 

Phosphorus  .  . 

Silicon  .... 

Manganese 

A  grey  pig-iron  from  the  Calder  works  gave  the  following  as  its  com- 
position : 

Iron        ......••  94.63 

Free  carbon .......  1.40 

Combined  carbon           ......  1.20 

Sulphur        .......  0.85 

Phosphorus         .......  0.89 

Silicon          .......  1.68 

Manganese          .......  0.50 

The  quantities  of  silicon  and  sulphur  in  some  of  the  pig-iron  smelted 
fipom  carbouaeeouB  ores,  with  raw  coal  as  fuel,  may  be  seen  by.  the  fol- 
lowing table : 

Monkland 

Coltness  .... 

Eglinton  .... 

Dalmellington 

llie  composition  of  two  samples  of  coke-smelted  grey  pig-iron,  ia 
stated,  by  Brande,  to  have  been  as  follows : 


Silloon. 

Snlphnr. 

1.58     . 

.    0.890  per  cent. 

2.69     . 

•             ""^^ 

8.12     . 

.    0.886 

4.42     . 

.     0.956 

Iron 

Carbon 

Silicon 

Phosphorus 

Manganese 


.    95.U5 

2.45 

.       1.62 

.78 

.    Trace 


94.86 

1.66 

8.00 

.49 

Trace 


The  composition  of  two  samples  of  white  pig-iron  is  stated  to  have 
been: 

Iron           ......     96.12    .     .  94.68 

Carbon            .....             2.83    .     .  2.64 

Silicon       .            .            .            .            .            .        .84    .    .  .26 

Phosphorus     .            .                                    .              .71    .    .  .28 

Mangianese            .....    Trace    .    .  2.14 

Experiments  were  wade  at  Konigshiitte,  in  the  Hartz,  for  the  purpose 


98.29     .     . 

.    91.42 

2.78    .    , 

1.44 

1.99    .    . 

2.71 

0.71     .    , 

8.21 

1.28    .    . 

1.22 

98.66    .     . 

,    91.98 

0.48    .     . 

0.95 

8.86    .    . 

8.48 

0.79    .     . 

1.91 

1.22    .    . 

1.68 
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of  determining  the  effect  of  temperature  on  the  chemical  composition  of 
the  pig-iron  produced.  The  first  analysis  is  that  of  a  pig-iron,  mottled, 
with  a  cold  blast ;  the  second,  of  iron  from  the  same  furnace  with  the 
blast  heated  to  470^.    The  specific  gravity  of  both  samples  was  7.166 : 

Iron  .  .  .  •  ,         • 

Combined  carbon       .... 
Freo  carbon  ..... 

Silicon  ..... 

Phoephonu  ..... 

Similar  experiments,  made  on  the  Leerbaoh  furnace,  in  the  same 
district,  resulted  in  the  production  of  pig-irons  g(  the  following  composi- 
t]on<r-the>  first  with  a  cold  blast,  the  second  with  the  blast  at  230^.  Spe- 
cific gravity,  cold  blast  iron,  7.081 ;  hot  blast,  7.077 : 

Iron  •  •  •  •    ,        . 

Combined  carbon  .... 
Free  carbon          ,  •  .  .  . 

Silicon  .  .  .  .  • 

Phosphonu  .  ,  ,  .  . 

The  pig-iron  smelted  at  Danville,  Pennsylvania,  from  the  fossiliferous 
red  oxide,  with  anthracite  and  a  hot  blast,  is  stated  to  yield  by  analysis : 

Iron        ........  90.10 

Carbon         .                        .            ...            .  6.48 

Silicon 1.96 

Fhosphoms  .            .            .            •            .            .            .  1.50 

Sulphur  .            .            .            .            .            .            .            .  Traces 

The  Lehigh  iron  of  the  same  district,  with  similar  fuel  and  blast,  but 
different  ores,  yielded : 

Iron        ........  94.89 

Carbon         .......  4.40 

Silicon    .            .            .            .            .            .            .            .  1.08 

PhosphoruB  .                                   .            .            .            .  Traces 

Sulphur  ........  0.06 

Copper          .......  0.02 

Calcium  .            .            .  '          .            .            .            .            .  0.02 

Aluminium  .......  0.04 

During  the  working  of  the  blast-furnace  belonging  to  the  Anglo-Astu- 
rian  Company,  in  Spain,  pig-irons,  presenting  some  unusual  properties, 
were  occasionally  met  with.  On  one  occasion  the  iron  produced  was  of  a 
tin  white  colour,  smooth  on  the  upper  side  of  the  pig,  and  remained  un- 
affected hy  some  years'  exposure  in  the  open  air  to  rain  and  sun ;  it  was 
brittle,  and  capable  of  being  pulverised  in  a  mortar.  Its  analysis  gave 
the  following  composition : 

Iron        ........  81.99 

Silicon          .......  12.98 

Sulphur  ........  0.31 

Hanganese  .......  2.60 

Carbon    ........  1.70 

The  furnace  at  these  works  also  produced,  from  another  class  of  ores,  a 
pig-iron  of  great  strength,  and  remarkably  tough  under  the  cutting  tool. 
Ail  analysis  is  stated  to  have  foniished  the  following  results : 
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Iron        .           .           .           .           •           •           .  .    87.50 

Silioon          ...••••  6.77 

Manganese                    .           •           .           •           •  •      0.94 

Phosphorus  and  arsenio       .....  1.87 

Sulphur  ......••        .87 

Carbon        .           .           .           .           .           .           .  8.60 


SMELTING. 

The  smelting  prooeBs,  or  that  by  which  the  iron  ore  ifl  converted  into 
metallic  iron,  is  the  most  important  operation  of  an  iron-^works.  The 
working  of  the  blast-furnace,  therefore,  requires  great  attention  from  the 
ironnaater  and  his  workmen*  Any  irregularity  in  its  action^  if  allowed 
to  go  on  unehecked,'may  endanger  its  safety ;  and  apparently  very  trifling 
eireumstanoes  will'  often  produce  the  most  extraordinary  changes  in  the 
operations  within  the  furnace.  After  carefully  arranging  the  propCMrtions 
of  the  materials  for  the  production  of  grey  pig-iron,  we  ishall  probably 
obtain  an  inferior  description  several  times  in  a  week,*  and  sometimes, 
without  any  apparent  cause,  the  furnace  will  piwluce  white  iron  of  a 
eoai9e  quality  for  a  week  together;  Irregularities  equally  greit  also 
oecasioually  odeur  in  the  make,  or  quantity  of  metal  produced  in  a  definite 
tima.  Indeed,  the  operations  connected  with  the  bliEist-fumaee  are  more 
uncertain  in  their  results  than  any  other  of  those  carried  on  in  iron-works. 
Moreover,  when  we  consider  that  the  quality  of  bar-iron  is  dependent  on 
that  of  the  pig-metal  from  which  it  is  manufactured,  and  that  every 
irregularity'  in  the  working,  and  every  stoppage  of  the  furnace,  arising 
from  whatever  cause,  is  attended  with  loss,  we  can  easily  understand  why 
the  healtiiy  working  of  the  furnace  is  an  object  of  paramount  importance 
to  the  ironmaster. 

Having  already  deseribed  the  various  materials  used  in  iron-making, 
and  the  manner  of  construction  of  the  furnace,  we  will  now  proceed  to 
examine  Idie  various  processes  employed  in  smelting  iron  on  the  large 
scale. 

Where  pig-iron  of  very  superior  quality  for  foundry  or  other  purposes, 
iflderii-ed,  the  materials  used  are  confined  to  selected  varieties  of  argilla- 
ceous ironstone ;  coal,  either  raw  or  coked^  and  limestone.  The  ironstone, 
having  been  previously  roasted,  is  filled  into  the  furnace  by  barfows,  or, 
as  is  still  the  practice  at  some  few  works,  by  iron  baskets.  Between  each 
barrowful  of  calcined  ore  the  proper  quantities  of  fuel  and  flux  are  filled 
in.  The  weight  of  calcined  ironstone  which  is  charged  into  the  furnace 
for  a  definite  measure  of  the  fuel  used,  is  termed  the  '^  burden."  This 
burden  varies  in  different  works,  and  frequently  at  different  furnaces  in 
the  same  works ;  but  it  is  governed  by  the  qualities  of  the  ironstone  and 
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fuel,  bj  the  blast  and  the  state  of  the  famace,  as  well  as  by  the  kind  of 
pig-iron  to  be  produced.  The  burden  commonly  carried  by  the  South 
Wales  furnace  coals  may  be  set  down  at  10  cwt.  of  calcined  mine  to  9  ewt 
of  coals.  The  weight  of  limestone  used  for  flux  depends  on  the  nature  of 
the  earths  combined  with  the  iron  in  the  ore,  but  may  be  taken  at  3^  cwt. 

We  have  mentioned  in  another  place  the  loss  of  metal  consequent  on 
the  heavy  burden  carried  by  the  coal  in  numerous  works,  and  wiU  here 
draw  attention  to  the  great  pecuniary  loss  which  occurs  from  so  over- 
burdening the  coal.  A  dark  or  black  cinder  is  produced  at  the  majority 
of  the  forge-iron  furnaces  in  this  country  ;  but,  by  using  a  larger  quantity 
of  coal,  grey  or  yellowish  cinders  are  obtained.  It  is  a  question,  therefore, 
for  the  consideration  of  ironmasters  whether  the  quantity  of  metal  lost  in 
the  cinders  produced  with  a  heavy  burden  is  not  of  more  value  than  the 
coal  saved.  The  dark  and  black  cinders  will  average  12  per  cent  of 
metal,  and  will  weigh  about  two  tons  per  ton  of  pig-iron  obtained.  The 
grey  cinder  will  average  about  6  per  cent,  of  metal,  and  wiU  weigh  per 
ton  of  pig-iron  rather  less  than  the  dark.  So  that  if  the  furnace  is  making 
120  tons  of  iron  weekly,  the  cinders  will  weigh  240  tons,  and  will  contain 
28.8  tons  of  metal  in  one  case,  and  14.4  in  the  other.  Estimating  the  excess 
of  14.4  tons  in  the  dark  cinder  at  the  price  of  forge  pigs,  8Z.,  we  have  a 
weekly  loss  of  432.  in  metal  sent  to  the  tip.  Yet,  on  the  plea  of  economy, 
we  see  nearly  one-fourth  of  the  metallic  iron  of  the  ironstone  carted  away 
in  the  cinders ;  while,  with  a  more  rational  proportion  of  fuel,  a  great  part 
of  it  might  be  retained  in  the  shape  of  good  pig-iron.  The  quantify  of  fuel 
required  to  be  used  to  produce  grey  cinders  exceeds  that  required  when 
black  or  dark  ones  are  made  by  about  8  cwts.  per  ton  of  pig-iron,  or  48 
tons  weekly,  which,  valued  at  6s.  per  ton,  does  not  amount  to  152. 

A  definite  quantity  of  ore  with  its  assigned  proportion  of  fuel  and  flax 
is  termed  a  '^  charge,''  such,  for  instance,  as  the  quantities  just  named. 
And  every  time  this  weight  of  minerals  is  filled  into  the  furnace  it  is  said 
to  have  "  gone  one  charge."  By  the  number  of  charges  which  the  fur- 
nace goes  in  a  given  time — say  twelve  hours,  the  period  usually  taken 
-—the  probable  make  of  iron  is  estimated. 


SECTION  V. 

OBSERVATIONS    ON    THE    WOBEING    OF    BLAST    FUBNACES. 

The  plan  UBuallj  adopted  for  changing  is  to  fill  with  barrows,  con- 
taining according  to  the  materials  to  be  filled  and  local  custom,  from  4  to 
16  cwts.  each.  This  mode  of  filling  is  attended  with  the  least  labour,  but 
we  question  whether  it  is  the  most  advantageous  as  regards  either  the 
yield  or  quality  of  the  pig-iron.  "Where  the  respective  materials  are 
thrown  into  the  furnace  in  quantities  of  from  15  to  16  cwts.  at  once,  we 
cannot  expect  that  complete  commingling  which  takes  place  when  they 
are  filled  in  quantities  of  a  few  pounds  only.  On  the  Continent  it  is  usual 
to  mix  the  limestone  and  ores  before  filling,  but  the  higher  price  of  labour 
in  this  country  is  generaUy  given  as  a  reason  for  not  adopting  a  similar 
plan.  It  is  probable,  however,  that  some  such  method  might  be  adopted 
with  considerable  advantage.  The  Continental  ironmaster,  smelting  with 
charcoal,  produces  a  ton  of  iron  with  about  one-half  the  quantity  of  carbon 
consumed  in  this  country ;  and  as  this  superiority  is  doubtless  in  some 
degpree  owing  to  the  more  thorough  commixture  of  the  materials,  the  addi- 
tional labour  employed  would  be  more  than  compensated  by  the  small 
consumption  of  coal  and  the  superior  production. 

The  mode  of  filling  at  present  adopted  here  is  the  occasion  of  much 
irregularity  in  the  working  of  the  furnace.  We  have  observed  fillers, 
either  to  avoid  a  little  trouble,  or  perhaps  from  ignorance  of  the  serious 
nature  of  the  consequences,  charge  several  rounds  of  ironstone  through 
one  side  of  the  tunnel-head  without  the  usual  complement  of  coal,  which 
has  been  charged  at  the  opposite  side.  In  such  cases  the  ironstone  in  its 
descent  arrives  at  the  tuyeres  with  an  insufficient  quantity  of  fuel,  and  the 
temperature  attained  is  consequently  too  low  for  the  perfect  reduction  and 
separation  of  the  metal.  The  nearest  tuyere  becomes  clogged,  and  prob- 
ably entirely  closed,  by  the  adhesion  of  the  partially  fused  mass.  Tliese 
ill  consequences  are  most  apparent  with  a  cold  blast.  The  effect  of  the 
immense  volume  of  cold  air  on  a  mass  of  materials  not  possessing  sufficient 
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carbon  to  maintain  combustion  is  to  produce  rapid  cooling,  which  not  un- 
frequently  results  in  the  loss  of  the  tuyere. 

The  proper  proportion  of  ironstone,  flux,  and  fuel  having  been  deter- 
mined by  analysis  or  experiment,  it  is  most  important  that  the  workmen 
engaged  in  filling  should  maintain  it  regularly  in  the  consecutive  charges. 
For  their  guidance  one  or  more  weighing  machines  are  placed  in  the 
barrow-road  to  the  tunnel-head,  having  sxdtable  weights  placed  beyond 
their  controL  We  are  of  opinion,  however,  that  this  arrangement  fails  to 
guarantee  the  requisite  accuracy,  from  leaving  too  much  at  the  discretion 
of  the  workmen.  Supposing  each  charge  to  be  >  correctly  wlsighed  by  the 
filler,  the  existing  arrangements  would  answer  very  well;  but  as  the 
operation  of  weighing  both  occupies  time  and  iff  attended' with  labour,  it 
is  too  generally  omitted  when  tibe  superior  agents  are  not  by^  and  even  in 
their  presence  it  is  at  best  'but  a  rough  approximation  to  the  actual  wdght. 
It  is  easy  to  see  that  while  so  much'is  left  to  the  judgment  and  care  of  a 
class  of  workmen  but  little  superior  to  common  labonrers,  the  operations 
of  the  blast-furnace  must  be  subject  to  numerous  irregularities  in  yield  and 
quality,  besides  those  which  may  justly  be  attributed  to  atmospheric  and 
other  known  causes. 

The  desirableness  of  having  the  materiails  accurately  weighed  is  gene^ 
ally  admitted,  but  the  labour  and  supervision  required  for  it  with  existing 
appliances  are  considered  to  make  this  advantage  too  expensive.  It  is 
necessary,  therefore,  that  the  machines  intended  for  this  purpose  should 
not  add  to  the  labour  or  render  necesBary  any  expensive  raperviaon. 
With  these  views  we  some  years  since  pressed  upon  the  propdetors  of  the 
Dowlais  works  the  value  of  a  Belf-*acting  machine  which  required  no  ex^v 
tion  on  the  part  of  the  workman ;  and  as  the  necessity  for  exercising  a 
rigid  economy  in  materials  will  eventually  compel  <he  adoption  of  a 
machine  of  this  kind  at  the  majority  of  works,  we  will  briefly  describe 
the  principle  on  which  it  was  constructed. 

In  the  frame-work  and  general  arrangement  it  was  Bimilar  to  the  ordi- 
nary weighing-machine,  the  platform  being  levd  with  the  surface  of  the 
ground,  and  so  placed  that  the  materials  from  any  given  spot  were  obliged 
to  pass  over  it.  To  the  end  of  the  lever  on  which  the  scale-pan  is  usually 
hung  a  small  hollow  iron  plunger  is  attached,  guided  in  a  vertical' direction 
by  a  slender  parallel  motion.  The  plunger,  worked  in  a  small  cylindrical 
cistern,  partially  filled  with  mercury,  and  the  levers  were  so  proportioned 
that  a  resistance  of  one  pound  to  the  descent  of  the  plunger  in  the  mercury 
equipoised  a  weight  of  1  cwt.  on  the  platform.  The  plunger  was  also  so 
proportioned  in  diameter  to  the  load,  that  it  made  a  ^stroke  of '8  inches  in 
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the  mercnry  for  every  12  cvvt/oa  the  scale  {or  about  i  inch  per  cwt.), 
while  the  platform  descended  oddj^yth  part  of  an  inch.  So  that  on  a 
load  being  placed  upon  the  platform,  the  plmiger  descended  until  the  re- 
sistance, multiplied  by  the  leverage,  equalled  the  weight,  the  Amount  of 
which  was  indicated  by  an  index  and  pointer. 

To  render  the  machine  altogether  independent  of  the  filler,  a  registering 
apparatus  was  attached  to  it^  so  constmcted  that  the  wei^t  of  every  bar- 
row-load that  had  passed  over  the  platform  during  a^given  time  coald  be 
ascertained  at  intervals  of  a  few  days.  The  circumference  jof  a  light  metal 
cylinder  was  covered  with  paper  sufficiently  large  £or  a  week's  woridng : 
a  pencil  was  attached  to  the  end  of  the  plunger-rod,  and  was  caused  to 
press  against  the  paper  by  a  spiral  spring  in  a  eose^  The  surface  of  the 
cylinder  was  turned  through  a  distance  of  ^V^h  of  an  inch  each  time  the 
plunger  ascended,  and  whenever  it  descended  the  pencil  drew  a  line  equal 
to  the  distance  through  which  it  travelled.  By  this  means  every  move- 
m^t  of  the  plunger  was  accmrately  registered,  and  by  referring  to  the 
measurements  of  the  lines  representing  the  movements,  the  agreement  of 
the  quantities  charged  with  those' ordered  could  be  easily  ascertained.  A 
weighing-machine  of-  this  kind  would  be  of  great  value  to  ironmasters,  as 
showing  the  exact  consumption  of  materials,  and  would  also  be^an  efibct- 
ual  check  on  the  present  careless  system  of  weighing. 


SCAFFOLDS. 

Obstructions  to  the  descent  of  the  materials  are  called  ^^  scaffolds,"  and 
may  be  usually  traced  to  the  adhesion  of  masses  of  material  above  and 
around  the  boshes.  The  primary  cause  of  these  we  believe  to  be  the  in- 
crease of  bulk  which  the  fuel  undergoes  in  its  descent.  Hence  coal-fed 
furnaces  are  more  subject  to  scaffolding  than  those  fed  with  coke ;  and  in 
furnaces  fed  with  coal  this  liability  is  increased  by  the  sectional  form  of 
the  fiimace.  If  the  throat  is  small,  and  the  enlargemeut  immediately  be- 
low inconsiderable,  the  liability  to  scaffold  will  be  very  great. 

Irregularities  in  filling  will  occasion  partial  obstruction  in  the  deeper 
parts  of  the  furnace,  and  variations  in  the  quantity  and  quality  of  the  blast  at 
a  tuyere  may  produce  similar  effects.  When  it  is  known  that  a  partial  ob- 
struction exists  in  the  hearth  or  in  the  bottom  of  the  boshes,  the  furnace  is 
turned  on  hot  fluid  grey  iron.  The  proportion  of  ore  and  flux  to  coal  is 
largely  diminished,  and  a  greater  temperature  being  thus  obtained,  the  re- 
fractory mass  gradually  melts  and  a  clearance  is  effected.  The  operation  may 
be  expedited  by  turning  on  a  greater  volume  of  blast  of  undiminished  den- 
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sitj,  proportionate  to  the  more  rapid  conBumption  of  fuel.  Similar  mesa- 
STires  are  adopted  when,  from  accident  or  other  cause,  the  hearth  becomes 
partially  filled  with  cold  material. 

A  different  course  is  sometimes  pursued  in  the  removal  of  obstructions 
which  may  have  accumulated  around  the  tuyere.  Fresh  tuyeres  are  formed 
above  the  accumulated  matter,  and  the  proportion  of  ore  to  fuel  is  largely 
increased.  This  alteration  of  burden  is  followed  by  the  production  of  a 
sharp  irony  cinder,  that  seldom  fails  to  penetrate  and  carry  away  the  ob- 
struction. Great  caution  must,  however,  be  used  in  the  employment  of 
this  remedy,  or  it  will  entail  effects  upon  the  furnace  quite  as  injurious  as 
those  which  it  is  intended  to  remove.  The  diminished  consumption  of 
fuel  consequent  on  the  production  of  scouring  cinder  reduces  the  tempera- 
ture of  the  hearth  below  the  point  necessary  for  the  separation  of  the  metal 
and  the  flowing  of  the  cinders ;  hence,  if  the  production  of  scouring  cinder 
is  of  long  continuance,  there  is  always  a  danger  of  the  lower  half  of  the 
hearth  being  filled  with  solid  matter,  in  order  to  the  removal  of  which  the 
original  proportion  of  coal  to  ore  or  ironstone  is  restored,  if  not  exceeded, 
that  a  hot  fluid  metal  may  be  produced.  The  high  temperature  now 
maintained  in  the  hearth,  with  the  fluid  character  of  the  iron,  gradually 
fuses  the  solid  mass  and  cleans  the  hearth. 

TUYERES. 

The  height  of  the  tuyere  above  the  bottom,  though  usually  dependent 
upon  the  position  of  the  cinder-notch,  is  partly  regulated  by  the  quality 
of  the  coal  and  local  custom.  In  some  furnaces  we  have  observed  the  cen- 
tre of  the  tuyere  placed  only  20  inches  from  the  bottom,  while  in  others  it 
is  as  high  as  48  inches. 

The  distance  to  which  the  blast  penetrates  in  the  hearth  is  the  princi- 
pal distinction  between  dark  and  bright  tuyeres.  The  quality  of  the  fuel 
being  similar,  a  soft  voluminous  blast  causes  a  bright  tuyere,  while  a 
dense  concentrated  blast  produces  a  dark  one.  The  oxygen  of  the  weak 
blast  being  absorbed  by  the  fuel  close  to  the  tuyeres,  an  intense  local  heat 
is  created,  and  on  looking  through  the  blast-pipe,  a  spot  of  dazzling  bright- 
ness is  presented  to  the  eye.  But  with  a  dense  blast  the  velocity  of  escape 
is  so  much  greater  that  the  principal  part  of  the  air  is  carried  further  into 
the  interior  of  the  hearth,  consequently,  the  fuel  next  the  tuyere  is  but 
scantily  supplied  with  oxgyen ;  the  dark  tube  is  thus  caused,  the  great 
heat  being  produced  in  the  centre  of  the  hearth. 

The  bright  tuyere  is  more  common  with  weak,  spongy  coke  than  with 
that  of  a  harder  kind. 
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Formerly,  the  blast  entered  the  furnace  through  a  cast-iron  dry  tuyere. 
The  metal  at  the  point  was  protected  by  a  nose  of  fire-clay,  which  was 
renewed  at  casting-time,  and  on  other  occasions  when,  from  the  stoppage 
of  the  blast  or  other  cause,  it  broke  off  into  the  hearth.  If  it  was  not  im- 
mediately replaced,  the  metal,  being  unprotected,  began  to  bum,  and  the 
point  of  the  tuyere  became  contracted.  The  blast  being  thus  partially 
intercepted,  the  heat  increased,  and  the  burning  proceeded  so  rapidly  that 
it  was  not  an  unusual  thing  to  be  obliged  to  change  the  cast-iron  shell  at 
every  casting. 

The  bright  tuyere  is  universal  with  charcoal  furnaces.  Tliis  is  doubt- 
less owing  to  the  soft  blasts  generally  used,  and  to  the  large  surface  which 
the  fuel  presents  to  the  action  of  the  air.  An  intensely  high  local  heat  is 
consequently  produced,  displaying  in  these  furnaces  the  most  perfect  ex- 
amples of  the  bright  tuyere. 

Bright  tuyeres  are  also  occasionally  seen  with  a  dense  blast ;  but,  if 
the  circumstances  be  examined,  a  sufficient  cause  is  usually  discernible.  The 
most  common  one  is  removing  the  nose  of  the  blast-pipe  to  a  great  dis- 
tance from  the  point  of  the  tuyere.  This  causes  the  blast  to  diverge  on 
escaping  from  the  tuyere,  and  an  effect,  similar  to  that  of  a  soft  volumi- 
nous blast,  is  produced  on  the  fuel. 

It  is  not  an  unusual  circumstance  with  the  bright  tuyere  to  find  accu- 
mulations of  metal  adhering  to  the  point,  which  obstruct  the  passage  of  the 
blast  These  adhesions,  from  being  more  commonly  met  with  in  certain 
localities,  are  supposed  to  arise  from  some  peculiar  property  of  the  iron- 
stone ;  but  our  own  observation  has  been  that  they  occur  most  frequently 
when  the  burden  is  temporarily  so  rich  in  metal  that  the  usual  proportion 
of  cinder  to  iron  is  not  maintained.  Their  removal  is  usually  effected  by 
damming  up  the  cinder  to  a  level  above  the  tuyere,  so  that  being  im- 
mersed in  a  fiuid  bath  they  are  eventually  melted,  and  a  free  passage  al- 
lowed for  the  blast.  In  adopting  this  method  of  clearing  the  tuyere,  par- 
ticular attention  must  be  paid  to  the  blowing-engine,  so  that  no  stoppage 
of  the  blast  may  occur  while  the  cinders  are  at  this  high  level.  Should 
the  blast  cease  even  for  a  few  minutes,  the  fiuid  cinder  runs  back  into  the 
pipes,  and  causes  material  injury  thereto,  as  well  as  delay  in  refitting. 

The  dark  tuyere  is  produced,  as  we  have  already  stated,  by  the  dense 
concentrated  blast  causing  the  most  active  combustion  at  a  considerable 
distance  in  the  hearth.  The  intermediate  materials,  being  deprived  of  the 
air  necessary  for  combustion,  are  kept  in  a  comparatively  cool  state,  and 
form  a  kind  of  vitreous  tube  for  the  passage  of  the  blast  to  the  central  por- 
tions of  the  hearth.    This  is  broken  off  by  the  pressure  of  the  superincum- 
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bent  materials  in  their  descent  after  each  casting ;  but  its  formation  com- 
mences anew  on  the  re-admission  of  the  blast.  Between  the  castings  it 
will  extend  inwards  from  the  iron  tuyere  from  12  to  20  inches.  Bat  should 
it  extend  farther,  and  fail  to  be  broken  off  by  the  descending  materials, 
measures  are  adopted  for  its  removal.  Tliis  is  usually  accomplished  by 
the  use  of  iron  bars ;  but  if  it  cannot  be  dislodged  by  this  means,  and  the 
elongation  continues  and  threatens  to  extend  across  the  hearth,  the  tuyere 
is  temporarily  abandoned,  and  a  fresh  one  cut  out  higher  up  in  the  hearth. 
The  new  tuyere,  by  fusing  the  materials  at  a  higher  elevation,  eventually 
removes  the  refractory  tube  beneath. 

By  some  writers  the  formation  of  the  dark  tuyere  is  attributed  to  the 
use  of  a  coke  less  instantaneously  combustible,  which,  at  the  tuyere  orifice, 
has  its  tem]^erature  lowered  by  an  incessant  discharge  of  blast.  Our  own 
experience  leads  us  to  a  different  conclusion.  That  the  nature  of  the  coke 
has  an  influence  on  its  formation  we  freely  admit ;  but  the  density  of  the 
blast  is  no  doubt  the  primary  cause.  We  do  not  hear  of  any  such  effect 
being  produced  in  the  charcoal  furnaces  blown  with  a  soft  blast.  Here 
the  air  diverges  at  once,  and  is  completely  decomposed  within  a  few 
inches  of  its  emission ;  but  the  dense  blast  of  modem  furnaces  penetrates 
deeply  amongst  the  materials,  and  the  quantity  which  diverges  in  the  un- 
mediate  vicinity  of  the  tuyere  is  very  trifling.  Now,  as  the  quantity  of 
air  brought  into  contact  with  the  carbon  of  the  fuel  in  a  given  time  regu- 
lates the  degree  of  heat  attainable,  it  follows  that  when  a  dense  concen- 
trated blast  is  used,  the  fuel  next  the  tuyere  being  sparingly  supplied  with 
this  element,  the  temperature  maintained  there  will  be  proportion- 
ately low. 

We  question  the  correctness  of  the  late  Mr.  Mushet's  opinion,  "  that 
the  coke  has  its  temperature  lowered  by  the  blast."  Whatever  heat  the 
coke  attains  is  the  effect  of  the  blast,  and,  the  supply  of  fuel  being  kept  up, 
the  degree  of  heat  evolved  will  be  in  exact  proportion  to  the  quantity  of 
air  brought  into  contact  with  the  carbon  of  the  fuel.  The  theory  of  a  re- 
duction of  the  temperature  by  the  blast  is  contrary  to  all  known  laws  of 
combustion.  A  less  degree  of  heat  may  be  maintained  at  a  particular 
spot,  but  this  is  the  result  of  a  diminished  supply  of  air  to  the  carbon  at 
that  place,  and  not  of  an  excessive  quantity,  as  this  author  states. 

A  soft  blast  and  porous  coke  invariably  produce  a  bright  tuyere,  and 
the  cause  is  sufficiently  evident.  The  blast  diverges  on  its  emission  from 
the  tuyere,  and  a  large  proportion  of  air  is  thus  brought  into  contact  with 
the  fuel,  which  by  its  porosity  exposes  a  large  surface  of  carbon ;  hence 
the  rapid  combustion  of  the  fuel  and  the  high  temperature  maintained 
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dose  to  the  tuyere.  With  a  dense  blast  the  effect  would  be  different — ^the 
volume  of  blast  would  be  carried  further  into  the  hearth,  and  the  material 
next  the  tuyere  being  partially  deprived  of  air  would  exist  in  a  compara- 
tively cool  state. 

Blowing  into  the  cinder  is  largely  practised  in  some  districts,  and,  to 
some  extent,  in  several  Welsh  works.  The  centre  of  the  tuyere  is  usually 
placed  4  or  5  inches  above  the  bottom  of  the  cinder-notch  in  the  damplate ; 
but,  in  some  cases,  not  more  than  1  or  2  inches.  But  where  blowing  into 
the  cinder  is  practised,  we  find  the  centre  as  much  as  5  or  6  inches  below 
the  notch.  When  thus  situated,  a  dense  blast  iff  required  to  keep  back  the 
cmder,  and  great  care  is  demanded  at  the  blowing-engine  so  that  no  stop- 
page of  the  blast  may  occur  except  at  casting-time.  And  care  must  also 
be  taken  that  the  depth  of  the  tuyere  in  the  cinder  is  not  greater  than  the 
descent  of  the  level  of  the  cinder  after  the  metal  has  been  tapped. 

It  was  formerly  supposed  that  blowing  into  the  cinder  would  deterio- 
rate the  quality  of  the  iron,  in  consequence  of  the  thinner  stratum  of  cin- 
der which  protected  it,  especially  when,  towards  casting  time,  the  metal 
rose  in  the  hearth ;  and,  were  the  thickness  reduced  below  a  certain  point, 
this  effect  would  undoubtedly  occur.  But  under  ordinary  circumstances 
the  thickness  of  cinder  is  from  18  to  30  inches,  or  from  three  to  five  times 
that  of  the  substratum  of  metal,  and  it  may  be  diminished  to  twice  without 
iDJury  to  the  quality  of  the  iron ;  consequently,  the  tuyere  may  be  safely 
brought  so  much  lower. 

Blowing  into  the  cinder  is  more  applicable  to  narrow  than  to  wide 
hearths.  When  the  breadth  is  small  the  mean  temperature  within  the 
zone  of  fusion  is  proportionably  high,  and  the  fuel,  within  so  contracted  a 
space,  is  consumed  too  rapidly  to  yield  a  maximum  effect.  This  is  partly 
obviated  by  blowing  into  the  cinder.  The  ascending  column  of  heated 
air,  on  reaching  the  zone  of  fusion,  is  equally  distributed  throughout  the 
whole  mass  of  material,  maintaining  a  less  intense  but  more  lasting  com- 
bustion. 

Bright  tuyeres  are  usual  with  the  hot  blast.  They  have  been  accounted 
for  on  the  supposition  that  the  heat  carried  into  the  furnace  increased  the 
temperature  aroxmd  the  tuyere,  instead  of  lowering  it,  as  with  cold  air. 
But  we  are  of  opinion  that  the  occurrence  of  bright  tuyeres  with  hot  blast 
is  due  to  the  same  causes  to  which  we  have  attributed  them  when  pro- 
duced in  furnaces  where  a  soft  blast  and  porous  fuel  are  used.  The  oxygen 
in  the  hot  blast  combines  more  readily  with  the  carbon,  and  does  not  pen- 
etrate so  far  into  the  interior  of  the  hearth  before  acting  on  the  fuel,  as  a 
cold  blast  of  the  same  pressure.    Besides  which,  the  elevation  of  its  tem- 
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perature  to  the  melting  point  of  lead,  more  than  doubles  its  yolume, 
and  as  heat  is  not  considered  ponderable,  this  expansion  of  the  air  is 
followed  by  a  corresponding  reduction  of  its  specific  gravity.  Now  the 
distance  to  which  the  blast  penetrates  is  of  course  due  to  the  momentum 
acquired  by  it  at  its  exit  under  pressure  from  the  pipe,  and  if  its  specific 
gravity  be  diminished  by  heating,  as  in  the  case  of  the  hot  blast,  the  mo- 
mentum acquired  will  also  be  diminished,  and,  consequently,  its  ability  to 
penetrate  among  the  materials. 

The  experiment  of  blowing  into  the  furnace  through  a  tuyere,  situated 
above  the  boshes,  has  been  tried  more  than  once  at  the  Dowlais  works. 
By  some  practical  men  it  is  held  that  blowing  at  this  elevation  would  in- 
crease the  temperature  of  the  descending  materials,  lighten  the  work  at 
the  lower  tuyere,  and,  consequently,  increase  the  make  of  the  furnace. 
But  the  results  with  the  elevated  tuyere  were  yery  unsatisfactory,  though 
such  as  might  have  been  anticipated  on  attentive  consideration.  The  blast 
poured  in  on  the  materials  caused  a  high  local  heat,  which  threatened  to 
destroy  the  surrounding  portion  of  the  furnace.  A  portion  of  the  fuel  was 
consumed,  partially  fusing  the  adjacent  pieces  of  ironstone,  and  rendering 
them  less  permeable  to  the  ascending  gases  and  less  fusible  in  the  hearth. 
Hence  the  consumption  of  coal  was  increased. 


PBOBUCnOK  OF  PIG-nCOK. 

The  relative  proportions  of  ore,  fuel,  and  flux  employed  vary  consider- 
ably in  the  same  locality,  while  the  difference  in  the  practice  obtaining  in 
different  districts  using  the  same  class  of  ores  is  very  great.  At  some  of 
the  large  Welsh  works  an  assayer  is  maintained  for  the  purpose  of  assist- 
ing the  fiimace  manager  in  determining  the  proportions  best  adapted  for 
the  metal  to  be  manufactured ;  but  at  the  majority  of  the  works  the  pro- 
portions adopted  are  the  result  of  experimental  trials  made  in  the  furnace, 
often  with  a  great  waste  of  materials,  injury  to  the  furnace,  and  loss 
through  a  deficiency  of  make,  amounting,  on  the  whole,  to  a  large  item  in 
the  cost  of  production.  Too  much  stress  cannot  be  laid  on  the  importance 
of  having  all  the  materials  that  are  used  in  the  furnace  properly  analysed. 
Unless  this  be  done  the  pig-iron  will  be  uncertain  in  quality,  the  consump- 
tion of  fuel  and  flux  being  likely  to  be  as  often  below  as  above  the  require- 
ments of  the  case.  This  has  become  the  more  necessary  now  that  the  con- 
sumption of  hematites  and  siliceous  ores  is  on  the  increase.  The  yield  of 
metal  from  such  ores  varies  exceedingly,  being  in  some  cases  less  than 
one-eighth  of  that  in  others.    And  although  the  ore  containing  the  greater 
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per-centage  of  metal  is  always  more  or  less  easily  distinguishable  by  its 
heaviness,  no  test  short  of  actual  assay  should  be  relied  on.  The  chief 
consideration  with  an  ironmaster  in  forming  an  opinion  of  an  ore  is  rich- 
ness in  metal,  but  an  ore  may  be  metallurgically  poor,  and  yet  more  valur 
able  than  a  richer  one.  If  it  contains  lime  in  considerable  quantities,  it 
may  be  both  used  as  an  ore  and  the  excess  of  lime  made  to  act  as  a  flux 
for  other  ores.  Or,  if  it  contains  a  large  per-centage  of  carbonaceous  mat- 
ter, though  poor  in  metal,  the  cost  of  smelting  it  may  be  so  low,  through 
the  reduction  in  the  quantity  of  fuel  and  flux  consumed,  that  metal  is 
manufactured  from  it  at  a  cheaper  rate  than  from  richer  ores.  Indeed, 
with  our  present  knowledge  of  the  blast-furnace,  an  ore  that  has  in  com- 
bination a  large  proportion  of  silica  cannot  successfully  compete  ip  low  cost 
of  manufacture  with  those  having  clay  or  lime  as  their  gangue.  The  real 
value,  however,  of  any  ore  at  a  given  spot  can  be  determined  only  by  an 
accurate  analysis,  and  comparing  the  results  with  those  obtained  from 
other  ores. 

To  produce  pig-metal  of  the  best  quality  a  single  variety  of  ore  is  used. 
The  production  of  good  metal  with  a  mixed  burden  is  difficult  and  uncer^ 
tain.  Numerous  circumstances  concur  to  render  it  so.  The  shape  of  the 
fomace  may  be  well  adapted  for  one  description  of  ore,  but  not  for  an- 
other. The  proportions  of  fuel,  flux,  and  blast  may  also  suit  one  and  be 
altogether  unsuitable  for  the  other.  Consequently,  the  best  pig-metal  is 
smelted  from  a  single  variety  of  ore,  to  which  have  been  added  proper  pro* 
portions  of  fuel  and  flux. 

The  qualities  of  the  metal  which  the  respective  classes  of  ironstone  and 
iron  ores  yield  differ  greatly,  and  these  differences  may  be  traced  in  the 
manufactured  bars. 

The  superiority  of  the  metal  produced  from  one  stone  or  ore  over  an- 
other partially  arises  from  the  greater  or  less  fusibility  of  the  combined 
earths.  The  melting  temperature  in  all  cases  considerably  influences  the 
qoality  of  the  metal  produced,  but*its  strength  and  other  valuable  proper- 
ties are  also  materially  affected  by  the  presence  of  minute  quantities  of 
various  earthy  and  other  impurities.  When  the  foreign  matter  present 
consists  of  several  different  minerals,  the  quality  of  the  pig-iron  is  not  so 
low  as  it  would  be  if,  the  same  amount  of  impurity  being  present,  its  com- 
position were  less  varied  ;  while  a  similar  quantity  of  a  single  earth  would 
often  so  deteriorate  the  metal  as  to  render  it  comparatively  valueless  for 
all  purposes  requiring  strength  and  ductility. 

We  have  stated  that  the  quality  of  pure  iron  is  the  same  in  all  ores. 
This  is  obviously  the  case,  since  otherwise  iron,  instead  of  being  a  simple 
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metal,  must  be  a  compound  body,  which  we  have  no  reason  at  present  to 
suppose.  The  iron  of  commerce,  however,  is  a  compound.  Pig-iron  con- 
sists of  iron  combined  with  carbon,  calcium,  silicon,  and  aluminium,  in 
varyiug  proportions,  besides  other  substances  in  more  minute  quantities. 
Bar-iron  and  the  various  productions  manufactured  therefrom  also  con- 
tain carbon,  silicon,  and  other  substances.  Absolutely  pure  iron  is  a 
chemical  curiosity,  and  cannot  be  manufactured  in  large  quantities  in  the 
present  state  of  metallurgical  science. 

After  what  has  been  already  advanced  we  need  hardly  observe  that  the 
terms  good  or  bad  iron  apply  only  to  the  metal  in  its  manufactured  state, 
as  variously  affected  by  the  impurities  combined  with  it,  and  in  this  sense 
alone  we  employ  them,  always  intending,  unless  it  be  otherwise  specified, 
the  pig  and  bar-iron  of  commerce. 

The  metal  smelted  from  ironstones  of  the  argillaceous  class  is  the  best 
this  country  produces.  The  earthy  part  of  these  ores  being  composed 
chiefly  of  alumina  and  lime,  with  an  inferior  proportion  of  silica,  the  stone 
is  of  an  open  porous  nature  after  calcination,  and  offers  an  extended  surface 
for  the  action  of  the  carbon  of  the  fuel  both  in  a  gaseous  and  solid  state. 
The  earthy  matrix,  combining  with  the  flux,  forms  a  fluid  cmder,  from 
which  the  metallic  iron  readily  separates  in  a  comparatively  pure  state. 
From  this  metal  malleable  iron,  possessing  great  strength  and  ductility, 
may  be  manufactured,  containing  a  minimum  per-centage  of  earthy 
matters. 

The  carbonaceous  ironstone  of  the  coal  formation  has,  in  combination 
with  the  metal,  carbon,  alumina,  silica,  lime,  and  occasionally  small  quan- 
tities of  magnesia,  sulphur,  and  manganese.  By  calcination  the  sulphur  is 
expelled  and  the  carbonaceous  matter  partially  consumed.  The  remain- 
ing earths  combine  with  the  limestone  flux  and  form  a  cinder,  which  is 
fluid  at  a  lower  temperature  than  that  from  argillaceous  ironstone.  From 
this  cinder  the  metallic  iron  separates  by  its  superior  gravity,  but  from  the 
smaller  quantity  of  cinder  produced,  add  the  lower  temperature  at  which 
it  melts,  the  separation  of  the  metal  is  not  so  perfect  as  with  the  generality 
of  argillaceous  ironstones.  In  consequence  of  the  carbonaceous  matter  con- 
tained in  the  stone,  and  the  excessive  quantity  of  fuel  used  in  proportion 
to  the  fluid  products  obtained,  the  metal  is  combined  with  a  large  percent- 
age of  carbon  and  minor  quantities  of  aluminium,  silicon,  and  manganese. 
It  is  inferior  in  point  of  strength  and  hardness,  but  melts  at  a  lower  tem- 
perature, and  is  preferred  to  iron  smelted  from  argillaceous  stone  where 
ftisibility  and  softness  are  desired.  From  the  comparatively  low  tempera- 
ture at  which  this  metal  melts,  its  conversion  into  malleable  iron  is  at- 
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tended  with  greater  waste,  and  the  finished  bar  is  altogether  inferior  to 
that  from  argillaceous  ore. 

Ironstones  of  the  calcareous  class  contain  lime  as  their  chief  earthy 
mixture,  alumina  and  silica  in  smaller  proportions.  Lime  is  sometimes 
present  in  sufficient  quantity  to  smelt  the  ore  without  the  addition  of  flux, 
and  in  some  cases  is  in  excess.  When  this  occurs  the  complement  of  clay 
is  made  up  by  the  addition  of  burnt  argillaceous  shale.  In  consequence 
of  the  large  quantity  of  lime,  in  comparison  with  the  other  earthy  matters, 
carried  by  these  ores,  the  cinders  produced  are  thin  and  exceedingly  fluid. 
The  metal  readily  separates  from  this  thin  cinder,  falling  to  the  bottom, 
bat  retains  in  combination  a  small  percentage  qjf  cinder.  This  being  com- 
posed chiefly  of  lime,  the  pig-metal  produced  consists  of  iron  with  calcium 
and  minute  portions  of  carbon,  aluminium,  and  silicon.  This  metal  is  in- 
ferior in  strength  and  hardness  to  that  from  argillaceous  ironstone.  K 
manufactured  into  malleable  iron  bars  it  possesses  great  strength  and  duc- 
tility when  cold,  but  is  brittle  at  a  red  heat.  This  red-short  property  is 
eminently  characteristic  of  metal  smelted  from  calcareous  ironstone,  and 
constitutes  a  defect  for  which  no  remedy  has  hitherto  been  discovered. 

The  class  of  ironstones  termed  siliceous,  from  their  containing  a  very 
large  percentage  of  silica,  with  less  quantities  of  alumina  and  lime,  are  not 
extensively  used  in  the  manufacture  of  iron.  From  the  large  proportion 
of  silica  in  combination  they  require  a  greater  quantity  of  lime  for  fluxing ; 
and  the  excess  of  silica  also  renders  the  cinder  infusible  at  the  temperature 
at  which  other  ores  are  ordinarily  smelted.  A  higher  temperature  has, 
therefore,  to  be  maintained,  rendering  necessary  an  increased  consumption 
of  fuel.  In  this  case  the  quantity  of  cinder  is  great,  but  of  too  thick  a 
consistence  for  a  perfect  separation  of  the  metal,  which  consequently  re- 
tains a  considerable  portion  of  slag.  The  pig-iron  will  be  composed  of 
iron  combined  chiefly  with  silicon,  aluminium,  calcium,  &c.,  being  present 
in  minute  quantities.  It  is  inferior  in  strength,  and  melts  at  a  higher  tem- 
perature than  either  of  the  foregoing  descriptions  of  metal.  On  account 
of  this  last  quality  its  conversion  into  malleable  iron  is  attended  with 
greater  expense  in  fuel  and  labour,  and  the  finished  bar  is  hard  and  brittle. 
All  iron  manfactured  from  siliceous  ores  is  cold-short,  and  not  unfre- 
qnently  red-short  also.  In  fine,  the  general  quality  of  the  metal  from  sili- 
ceous ores  is  greatly  inferior  to  that  from  any  other  class,  and  no  improve- 
ment in  its  quality  has  yet  been  efiected  in  the  course  of  its  manufacture 
into  bars. 

From  the  great  variation  in  the  qualifies  of  the  metal  produced  from 
the  different  classes  of  ironstones,  we  may  safely  conclude  that  the  quality 
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of  pig-iron  is  affected  chiefly  by  the  nature  of  the  earthy  components  of  the 
stone.  Where  a  particular  matrix  predominates  in  the  ore  the  quality  of 
the  iron  will  be  more  or  less  affected  thereby.  Thus  we  observe  in  Scotch 
iron,  smelted  from  the  carbonaceous  ironstone^  that  an  excess  of  carbon  is 
followed  by  the  production  of  a  very  grey  metal,  greatly  deficient  in 
strength  and  hardness.  The  siliceous  orcQ  are  the  most  difiScult  to  manage. 
The  silicon,  combined  with  the  metal,  is  infusible  at  ordinary  tempera- 
tures, and  during  the  process  of  manufacture  in  the  forge  and  mill,  it  is 
incorporated  in  the  bar,  to  the  manifest  injury  and  deterioration  of  the 
metal  for  commercial  purposes. 

Iron  ores  having  alumina,  lime,  and  carbon  in  nearly  equal  portions, 
but  a  smaller  quantity  of  silica,  would  smelt  with  the  greatest  facility,  and 
produce  metal  of  good  quality.  In  the  manufacture  also  of  malleable  iron 
this  quality  of  the  earthy  constituents  would  be  attended  with  the  best 
results;  for  since  the  red  and  cold-short  characteristics  in  bar-iron  are 
mainly  owing  to  an  excess  of  one  or  other  of  these  earths^  their  presence  in 
nearly  equal  proportions  would  conduce  to  the  production  of  metal  free 
from  either  defect. 

This  property  of  the  calcareous  and  siliceous  ironstones  of  producing 
iron  deteriorated  by  the  presence  of  an  excess  of  calcium  in  one  case  and 
silicon  in  the  other,  is  an  effectual  barrier  to  their  being  worked  alone 
when  the  resulting  metal  is  intended  for  conversion  into  malleable  iron ; 
and  even  for  castings  (except  for  such  as  are  intended  either  for  ornament 
or  dead  weight)  these  metals  do  not  possess  the  requisite  strength,  and  are 
unsuitable  for  machinery  subject  to  vibration  and  working  under  great 
strain.  The  defects  in  metals  produced  from  these  ores  are  now  well  un- 
derstood, and  the  smelter,  whenever  he  has  recourse  to  them,  combines 
them  with  an  equal  or  superior  weight  of  argillaceous  ores  in  order  to  pro- 
duce metal  suitable  for  the  forge.  But  the  defects  incident  to  each  variety 
of  ore  will  invariably  appear  more  or  less  strongly  in  tlie  finished  bar.  If 
a  siliceous  ore  has  been  used  the  metal  will  be  hard  and  cold-short  in  pro- 
portion to  the  quantity  of  such  ore  used.  If  calcareous  ores  are  employed, 
the  hot-short  tendency  will  prevail  in  a  similar  ratio.  By  mixing  all 
these — ^argillaceous,  calcareous,  and  siliceous — ^the  resulting  metal  will  ex- 
hibit in  the  manufactured  bar  the  defects  incident  to  an  excess  of  the  pre- 
dominating matrix  in  the  mixture. 

The  addition  of  either  of  these  ores  to  the  argillaceous  ironstones  re- 
sults in  the  production  of  a  metal  inferior  to  that  from  the  clay  ironstone. 
Mixing  an  inferior  with  a  superior  metal  cannot  result  in  the  production 
of  a  metal  superior  to  either.    Yet  we  frequently  observe  these  ores  used 
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for  improving  the  argillaceous  ores  of  the  coal  formation.  That  the  use 
of  rich  ores  of  these  classes  results  in  an  increased  make  of.  iron  from  the 
same  sized  furnace  we  readily  admit,  but  as  to  the  improvement  in  quality 
we  are  sceptical,  never  having  witnessed  such  a  result  in  practice. 

In  South  Wales  the  argillaceous  ironstones  are  invariably  selected  for 
the  production  of  superior  iron.  But  great  difference  exists  in  the  quality 
of  these  ironstones,  even  when  extracted  from  the  same  mine ;  while  some 
produce,  when  smelted  alone,  iron  of  the  finest  quality,  equal,  indeed,  to 
any  manufactured  in  this  country,  the  metal  from  others  is  of  a  coarse  in- 
ferior description.  Having  ascertained  from  observation  and  experiment 
the  great  superiority  of  certain  seams,  the  Welsh  ironmaster  selects  these 
for  the  production  of  pigs  for  foundry  purposes,  and  for  the  manufacture 
of  cable  bolts  and  other  wrought  bars  requiring  metal  of  the  first  quality. 


BURDEN  OF  FCTRNAOB* 

The  propoiiion  of  materials  for  the  production  of  No.  1  foundry  iron  in 
Wales  will  range  from  45  to  65  cwts.  of  calcined  argillaceous  ironstone,  40 
to  50  cwts.  of  coal  as  fuel,  and  15  to  20  cwts.  of  limestone  for  flux.  The 
average  yield  may  be  taken  at  48  cwts.  calcined  ironstone,  45  cwts.  of 
coal,  and  17  cwts.  of  limestone  to  the  ton  of  pig-metal  produced.  Esti- 
mated upon  the  raw  stone,  the  consumption  of  ironstone  will  be  about  65 
cwts.  With  these  proportions  dark  grey  metal  should  be  obtained  at  each 
casting,  and  if  a  lower  quality  is  produced  it  indicates  a  deranged  condi- 
tion of  the  furnace. 

In  the  anthracite  district  of  South-  Wales  dark  grey  pig-iron  is  manu- 
factured with  a  yield  of  materials  averaging  £0  cwts.  of  calcined  ironstone, 
40  cwts.  of  anthracite  coal,  and  18  cwts.  of  limestone  to  the  ton  of  pig- 
metal.  If  estimated  upon  the  raw  stone  the  consumption  of  ironstone  will 
be  70  cwts. 

The  yield  of  materials  at  the  Staffordshire  furnaces  is  probably  greater 
than  at  the  Welsh  works.  The  average  will  probably  be  near  48  cwts.  of 
calcined  mine,  50  of  coal,  and  18  cwts.  of  limestone  to  the  ton  of  pig-iron 
produced. 

At  the  Scotch  blast  furnaces,  working  entirely  on  carbonaceous  iron- 
stone, the  consumption  of  materials  is  lower  than  in  any  other  district  in 
this  country.  The  yield  of  calcined  ironstone  will  range  from  32  to  45 
cwts.,  coal  35  to  45  cwts.,  and  limestone  4  to  6  cwts.  to  the  ton  of  pig-iron. 
The  average  yield  may  be  taken  at  35  cwts.  of  calcined  ironstone,  38  cwts. 
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of  coal,  and  5  cwts.  of  limestone.  Estimated  on  the  raw  stone  the  con- 
sumption of  ironstone  will  be  about  70  cwts. 

The  make  of  the  Dowlais  furnace,  on  the  yield  of  48  cwts.,  will  average 
90  -tons  weekly  ;  consumption  of  blast  at  a  pressure  of  3  lbs.  to  the  square 
inch,  6510  cubic  feet  per  minute ;  cubic  capacity  of  furnace,  275  yards. 
Materials  consumed  per  week :  coal,  202  tons  10  cwts. ;  calcined  iron- 
stone, 216  tons  ;  limestone,  76  tons  10  cwts. ;  atmospheric  air,  65,914,800 
cubic  feet,  or,  at  the  ordinary  temperature,  2215  tons. 

The  make  of  a  Staffordshire  furnace  of  162  cubic  vards  capacity  on  the 
abovementioned  yield  of  •  materials  wiU  average  about  65  L  weekly. 
Consumption  of  blast  at  a  pressure  of  2^  lbs.  to  the  square  inch,  4100 
cubic  feet  per  minute.  Materials  consumed  per  week :  Calcined  ironstone, 
156  tons ;  coal,  162  tons  (in  the  form  of  coke) ;  limestone,  58  tons  10  cwts. ; 
atmospheric  air  at  an  ordinary  density  and  temperature,  41,328,000  cubic 
feet,  weighing  1388  tons. 

The  average  weekly  make  of  an  anthracite  furnace,  equal  in  capacity 
to  112  cubic  yards,  is  50  tons.  Consumption  of  blast  at  a  pressure  of  4 
lbs.  to  the  square  inch,  4000  cubic  feet  per  minute.  Materials  consumed 
per  week :  Calcined  ironstone,  125  tons ;  anthracite  coal,  100  tons ;  lime- 
stone, 45  tons ;  atmospheric  air,  at  its  ordinary  density  and  temperature, 
40,320,000  cubic  feet,  weighing  1355  tons. 

The  capacity  of  the  Scotch  furnace  represented  in  PI.  X.,  Fig.  64,  is 
167  cubic  yards.  Average  weekly  make  with  carbonaceous  ironstone, 
140  tons.  Consumption  of  blast,  3120  cubic  feet  per  minute,  under  a 
pressure  of  2^  lbs.  to  the  square  inch.  Materials  consumed  per  week : 
Calcined  carbonaceous  ironstone,  245  tons ;  coal,  266  tons ;  limestone,  35 
tons;  atmospheric  air  at  conmion  density  and  temperature,  31,169,600 
cubic  feet,  weighing  1047  tons. 

From  the  foregoing  figures  we  ascertain  that  the  Dowlais  furnace  on 
foundry  iron  consumes  of  solid  materials  weekly,  485  tons ;  the  Stafford- 
shire furnace,  322  tons ;  the  anthracite  fiimace,  270  tons ;  and  the  Scotch 
furnace,  546  tons.  The  space  occupied  by  these  materials  will  be  nearly 
as  follows :  Dowlais,  731  cubic  yards ;  Staffordshire,  603 ;  anthracite,  400 
yards ;   Scotch,  802  yards. 


PBOPOBTION  OF  MATEEIAL8  TO  BLAST,  ETO. 

With  the  foregoing  data  for  our  guidance,  the  accuracy  of  which  may 
be  relied  on,  we  will  examine  the  more  prominent  features  of  the  opera- 
tions of  the  blast  furnace  in  these  districts.    The  anthracite  and  Scotcli 


OBSERVATIONS   ON   THE   WORKING   OF  BLAST   FURNACES.  91 

furnaces  employ  heated  air,  but  this  circmnBtance  will  not  materially 
affect  our  inquiries,  which  will  relate  to  the  ratio  which  the  size  of  the 
furnace  bears — Istlj,  to  the  quantity  of  materials  smelted ;  2ndly,  to  the 
quantity  of  pig-metal  produced ;  Srdly,  to  the  production  of  cinder  and 
metal ;  4thly,  to  the  volume  of  blast ;  Sthly,  to  the  ratio  which  the  volume 
of  blast  bears  to  the  metal  and  cinder  produced ;  6thly,  to  the  ratio  which 
the  carbon  of  the  fuel  bears  to  the  weight  of  metal  produced ;  Tthly,  to 
the  relation  the  carbon  bears  to  the  metal  and  cinder  produced  ;  8thly,  to 
the  velocity  and  time  occupied  by  the  descending  column  of  materials. 

1.  The  Dowlais  furnace  has  a  capacity  of  275  cubic  yards,  and  smelts 
485  tons,  or  If  tons  for  each  cubic  yard  ;  the  Staffordshire  furnace,  of  162 
cubic  yards,  smelts  322  tons,  or  2  tons  nearly  to  the  cubic  yard ;  the  An- 
thracite ftimace,  of  112  cubic  yards,  270  tons,  or  2|  tons  to  the  cubic  yard  ; 
the  Scotch  furnace,  of  167  cubic  yards,  smelts  546  tons,  or  8j;  tons  to  each 
cubic  yard.  Hence  the  smelting  powers  of  the  respective  furnaces  per 
yard  capacity  range  from  If  to  8J  tons  of  ore,  fuel,  and  flux  per  week. 

2.  The  Dowlais  furnace  makes  90  tons,  or  6^  cwts.  of  metal  per  cubic 
yard  of  capacity ;  the'  Staffordshire  65  tons  of  metal,  or  8  cwts.  nearly  per 
cubic  yard ;  the  Anthracite  furnace  makes  50  tons,  or  9  cwts.  to  each  cubic 
yard ;  and  the  Scotch  furnace  140  tons,  or  17  cwts.  nearly  to  each  yard 
capacity :  the  highest  being  17  cwts.,  and  the  lowest  6^  cwts.  for  each 
cubic  yard  of  capacity.  This  shows  that  with  rich  carbonaceous  ironstone 
nearly  three  times  the  quantity  of  grey  metal  can  be  produced  from  a 
given  capacity  of  furnace  as  can  be  done  with  lean  argillaceous  ironstones. 

3.  The  weight  of  the  iron  and  cinder  produced  will  be  nearly  equal  to 
the  weight  of  the  calcined  ironstone,  the  flux  minus  its  carbonic  acid,  and 
the  earthy  matter  or  ashes  of  the  fuel.  This  mode  of  estimating  the  weight 
of  metal  and  cinder  produced,  we  have  ascertained  experimentally,  gives 
within  3  or  4  per  cent,  of  the  actual  weight ;  we  shall  therefore  adopt  it  in 
estimating  the  weight  of  the  products  from  the  other  furnaces.  The 
produce  of  cinder  and  metal  at  the  Dowlais  furnace  amounts  to  268  tons 
per  week,  equal  to  1  ton  nearly  for  each  yard  capacity  of  furnace ;  of  the 
Staffordshire  furnace,  198  tons  per  week,  equal  to  1  ton  4  cwts.  per  yard 
capacity ;  of  the  Anthracite  furnace,  154  tons,  equal  to  1  ton  7  cwts.  per 
yard  capacity ;  of  the  Scotch  furnace,  288  tons,  or  1  ton  14  cwts.  for  each 
yard  capacity.  The  variation  in  the  produce  of  cinder  and  iron  per  cubic 
yard  capacity,  1  ton  to  1  ton  14  cwts.,  is  not  so  great  as  in  the  consump- 
tion of  materials  and  make  of  pig-iron. 

4.  Into  the  Dowlais  furnace  is  blown  6540  cubic  feet  of  atmospheric 
air  per  minute,  or  24  feet  for  each  yard  capacity  ;  into  the  Staffordshire 
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furnace,  4100  feet  per  minute,  or  25  cubic  feet  per  yard ;  into  the  Anthra- 
cite furnace,  4000  cubic  feet,  equal  to  36  cubic  feet  nearly  for  each  cubic 
yard ;  into  the  Scotch  furnace,  3120  *cubic  feet  per  minute,  equal  to  19 
cubic  feet  per  cubic  yard  of  capacity. 

5.  For  each  ton  of  metal  and  cinders  flowing  from  the  Dowlais  furnace, 
245,940  cubic  feet  of  atmospheric  air  is  blown  into  it ;  at  the  Staffordshiro 
furnace  the  consumption  is  208,630  cubic  feet  to  the  ton  of  iron  and  cin- 
der ;  at  the  Anthracite  furnace  it  is  248,800  cubic  feet ;  and  at  the  Scotch 
furnace,  110,140  cubic  feet  for  each  ton  of  cinder  and  iron  obtained. 

Estimated  on  the  pig  iron  produced,  the  consumption  of  blast  per  ton 
will  be  as  follows:  Dowlais  furnace,  732,386  cubic  feet,  weighing  25 
tons ;  Staffordshire  furnace,  635,800  cubic  feet,  weighing  22  tons  nearly ; 
Anthracite  furnace,  806,400  cubic  feet,  weighing  27  tons ;  and  Scotch 
furnace,  222,600  cubic  feet,  weighing  8  tons. 

6.  By  the  analyses  given  in  a  preceding  chapter,  we  ascertain  that 
the  carbon  contained  in  the  Dowlais  coal  is  equal  to  87  per  cent,  of  its 
weight  At  this  rate  2  tons  5  cwts.  of  coal,  the  quantity  consumed  per 
ton  of  pig-iron  made,  will  contain  4384  lbs.  of  carbdh,  or  2  lbs.  nearly  for 
each  pound  of  metal  produced.  Calculating  on  the  reduced  quantity  of 
carbon  in  the  Staffordshire  coals,  the  consumption  of  carbon  in  that  fur- 
nace is  equal  to  4480  lbs.,  or  2  lbs.  to  each  pound  of  metal  obtained  ;  in 
the  Anthracite  furnace  the  yield  of  carbon  is  4076  lbs.,  or  If  lbs.  to  the 
pound  of  metal ;  in  the  Scotch  furnace  the  yield  of  carbon  will  be  3234 
lbs.,  or  1^  lbs.  to  each  pound  of  metal  obtained. 

7.  If  the  quantity  of  carbon  is  estimated  on  the  cinder  and  metal,  the 
total  quantity  of  solid  rendered  fluid,  the  yield  will  appear  more  uniform 
at  the  several  furnaces.  At  the  Dowlais  furnace  for  each  ton  of  fluid 
material  obtained  1472  lbs.  of  carbon  will  have  been  consumed ;  at  the 
Staffordshire  furnace,  1454  lbs. ;  at  the  Anthracite  furnace,  1309  lbs. ; 
and  at  the  Scotch  furnace,  1600  lbs. 

8.  Employing  the  bulk  of  materials  and  capacity  of  furnace  as  pre- 
viously given,  we  find  that  the  solid  materials  are  in  the  Dowlais  furnace 
63  hours  from  the  time  of  their  being  filled  to  their  reduction  at  the 
tuyere ;  in  the  Staffordshire  furnace,  45  hours, ;  in  the  Anthracite  furnace, 
47  hours ;  and  in  the  Scotch  furnace,  35  hours. 

In  the  Dowlais  furnace  the  velocity  of  the  descending  materials  is 
nearly  as  follows:  Through  the  throat  18  inches  per  hour,  above  the 
boshes  5|  inches,  and  in  the  hearth  28  inches  per  hour.  In  the  Stafford^ 
shire  furnace  these  velocities  are  respectively  36  inches,  7|  inches,  and  4S 
inches  per  hour ;  in  the  Anthracite  furnace  they  are  15  inches,  5  inches, 
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and  31  incheB  per  hom* ;  and  in  the  Scotch  furnace  thej  are  31  inches^  10 
inches,  and  41  inches  per  hour. 

In  the  production  of  white  pig-iron  for  forge  purposes,  a  mixture  of 
calcareous  or  siliceous  ores  and  forge,  or  forge  and  finery  cinder  together, 
is  often  employed.  By  using  these  ores  aud  cinders  the  make  of  the  fur- 
nace is  increased,  and  the  yield  of  fuel  and  flux  diminished.  The  propor- 
tion in  which  they  are  used  at  the  Dowlais  works  is  varied  according  to 
the  quality  of  bar  metal  desired ;  but  under  ordinary  circumstances  the 
yield  of  the  furnace  in  common  forge  iron  may  be  stated  as  follows : — Cal- 
cined argillaceons  ironstone  28  cwts.,  calcareous  and  siliceous  ore  10  cwts., 
cinder  (forge  generally,  but  sometimes  forge  and  finery  mixed)  10  cwts., 
coal  38  cwts.,  limestone  14  cwts.  With  these  materials  the  furnaces  gen- 
erally average  110  tons  of  pig-iron  weekly. 

For  the  production  of  a  more  inferior  forge  iron,  used  only  where  the 
qnality  is  not  an  object,  the  furnaces  have  been. burdened  with  calcareous 
and  siliceous  ores  and  refinery  cinders  only.  The  yield  under  such  burden 
is  nsually  16  cwts.  of  ores,  25  cwts.  of  cinders,  16  cwts.  of  limestone,  and 
36  cwts.  of  coal.  The  make,  when  thus  burdened,  will  average  120  tons 
a  week.* 

For  the  production  of  cinder-iron,  to  be  used  for  ballast  or  other  simi- 
lar purposes,  the  furnace  is  burdened  with  finery  cinders  and  burnt  argilla- 
ceous shale.  The  yield  is  nearly  86  cwts.  of  cinders,  14  cwts.  of  shale,  14 
cwts.  of  limestone,  and  38  cwts.  of  coal  to  the  ton  of  iron  produced.  On 
ballast,  or  "  kentledge ''  metal,  the  make  of  the  furnace  will  probably  aver- 
age 110  tons  a  week. 

The  capacity  of  the  funiace  used  for  cinder-iron  is  the  same  as  that  for 
grey  iron,  and  the  quantity  of  blast  is  also  nearly  the  same  in  the  three 
cinder-iron  furnaces.  These,  for  facility  of  reference,  we  will  call  Nos.  1, 
2,  and  3,  cinder-iron  furnaces,  and  will  proceed  to  reduce  the  quantity  of 
materials  and  the  ratio  which  they  bear  to  the  metal  made,  &c.,  as  in  the 
case  of  the  grey-iron  furnace. 

At  the  same  yield  and  make  as  in  the  No.  1  cinder-iron  furnace,  the 
weekly  consumption  of  calcined  ironstone  will  be  154  tons,  calcareous  and 
siliceous  ores  55  tons,  cinders  55  tons,  coal  209  tons,  limestone  77  tons. 
At  the  No.  2  cinder-iron  furnace  the  consumption  will  be  96  tons  of  ores, 

*  For  the  week  ending  June  11, 1846,  No.  3  and  11  furnaces  produced  319  tons  10|  cwts.  of  cinder 
Iron.  The  yield  of  materials  being :  refinery  cinders,  24  cwts.  3  qrs.  4  lbs. ;  red  ore,  Lancashire  and 
Dean  Forest,  16  cwt&  0  qrs.  15  lbs. ;  limestone,  16  cwts.  3  qrs.  29  lbs. ;  coal,  86  cwts.  0  qrs.  4  lbs. 
Each  of  these  furnaces  is  of  275  yards  capacity ;  but  during  this  experiment  the  Tolume  of  blast  was 
not  more  than  sufficient  for  a  furnace  of  140  yards.  With  this  burden  and  a  volume  of  blast  propor- 
tumed  to  their  capacity,  these  fumaoes  would  haye  made  over  800  tons  each  in  the  week. 


94  HANUFAGTUKE   OF   IRON. 

150  tons  of  cinders,  96  tons  of  limestone^  and  216  tons  of  coal.  At  the 
1^0.  3  cinder-iron  furnace  the  consumption  of  cinders  will  be  198  tons, 
coal  209  tonS)  shale  77  tons,  and  limestone  77  tons. 

These  quantities  give  a  weekly  consumption  of  solid  materials  weighing 
at  No.  1  fiimace  550  tons,  at  No.  2  furnace  558  tons,  and  No.  3  furnace 
561  tons.  If  measured  their  bulk  will  be  equal  to  745  cubic  yards  for  No. 
1  furnace,  686  cubic  yards  for  No.  2  furnace,  and  699  cubic  yards  for  No. 
3  furnace. 

On  comparing  these  quantities  with  those  of  the  foundry  iron  furnace 
of  the  same  works,  previously  described,  we  arrive  at  some  important 
facts,  viz. — 

The  grey-iron  furnace  smelts  If  tons  of  materials  weekly  for  each  cubic 
jAvd  of  capacity,  the  No.  1  cinder-iron  furnace  2  tons,  the  No.  2  cinder- 
iron  furnace  2  tons,  and  the  No.  3  cinder-iron  furnace  2  tons. 

The  grey-iron  furnace  makes  6J  cwts.  of  metal  weekly  for  each  cubic 
yard  capacity,  the  No.  1  cinder-iron  furnace  8  cwts.,  the  No.  2  ditto  8f 
cwts.,  and  the  No.  3  ditto  8  cwts. 

The  grey-iron  furnace  makes  268  tons  of  cinder  and  iron  weekly,  equal 
to  1  ton  nearly  for  each  cubic  yard  capacity,  the  No.  1  furnace  makes  310 
tons,  or  1  ton  3  cwts.  per  yard,  the  No.  2  furnace  314  tons,  equal  to  1  ton 
8  cwts.,  and  the  No.  3  furnace  333  tons,  equal  to  1  ton  4  cwts.  per  yard 
capacity. 

For  each  ton  of  metal  and  cinder  from  the  grey-iron  furnace  245,940 
cubic  feet  of  air  is  consumed.  In  No.  1  furnace  the  consumption  is 
212,900,  in  No.  2  furnace  210,000,  and  in  No.  3  furnace  it  is  199,000 
cubic  feet  nearly. 

The  weight  of  the  blast  consumed  for  each  ton  of  iron  made  from  the 
grey-iron  furnace  is  25  tons.  No.  1  furnace  20  tons,  No.  2  furnace  18  tons, 
and  No.  3  furnace  20  tons,  nearly. 

The  consumption  of  carbon  in  the  grey-iron  furnace  amounts  to  4384 
lbs.  per  ton  or  nearly  2  lbs.  for  each  pound  of  metal.  With  the  No.  1  cin- 
der-iron furnace  it  is  3659  lbs.,  or  1^  lbs.  per  pound  of  metal ;  in  No.  2 
cinder-iron  furnace  3466  lbs.,  equal  to  1^  lbs.  per  pound  of  metal,  and  in. 
No.  3  furnace  3659  lbs.,  or  full  1 J  lbs.  per  pound  of  metal. 

On  the  total  quantity  of  cinder  and  iron  produced  the  yi'feld  of  carbon 
is  1472  lbs.  per  ton  at  grey  pig-iron  furnace,  1313  lbs.  at  No.  1  cinder-iron 
furnace,  1374  lbs.  at  No.  2  furnace,  and  1230  lbs.  at  No.  3  fiimace. 

Tlie  iron-making  materials  are  changed  in  the  grey-iron  furnace  every 
63  hours ;  in  the  No.  1  cinder-iron  furnace,  every  62  hours ;  in  the  No.  3 
cinder-iron  furnace,  every  67  hours ;  and  in  the  No.  3  cinder-iron  furnace, 
every  65  hours. 
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From  the  diversity  of  opinion  wUch  exists  respecting  the  most  proper 
dimensions  and  form  for  the  interior  of  blast  furnaces^  it  is  not  surprising 
that  the  yield  of  fluid  materials  from  some  furnaces,  should  be  greater  for 
a  given  capacity  than  that  from  others  working  under  similar  conditions 
of  ore,  fuel,  &c.  There  is  an  opinion  current  amongst  ironmasters  that  the 
power  of  the  furnace  to  smelt  is  in  proportion  to  its  capacity,  and  that 
large  furnaces  are  more  economical  in  fuel  and  other  materials  than  small 
ones.  The  economy  of  fuel  and  materials  we  shall  consider  subsequently ; 
but  we  may  here  state  that  the  yield  of  metal  from  furnaces  similarly  bur- 
dened does  not  depend  only  upon  their  capacity. 

We  have  stated  that  the  Dowlais  grey-iron  furnace  has  a  capacity  of 
276  yards,  and  that  the  average  weekly  make  is  90  tons,  or  6J  cwts.  for 
each  cubic  yard  capacity.  With  similar  ironstones  the  Staffordshire  and 
Anthracite  furnaces,  of  162  and  112  yards  capacity,  smelt  8  and  9  cwts.  to 
each  yard,  being  an  increase  of  23  and  38  per  cent,  over  that  obtained  at 
Dowlais.  Whence  is  this  inferiority  of  the  Dowlais  furnace  ?  Looking  at 
the  facts  we  have  produced  relative  to  each  furnace,  it  is  not  difficult  to 
account  for  this  disparity. 

The  conversion  of  the  iron-making  materials  into  grey  pig-iron  is  an 
operation  involving  a  certain  time.  In  the  laboratory,  it  is  true,  such  iron 
is  produced  in  two  hours ;  but  this  is  accomplished  by  crushing  the  stone 
to  an  impalpable  powder,  and  by  the  employment  of  an  excessive  quantity 
of  carbon  for  the  results  obtained.  The  materials  remain  in  the  Dowlais 
furnace,  63 ;  in  the  Staffordshire,  45 ;  and  in  the  Anthracite  furnace,  47 
hours.  Kow,  there  is  no  necessity  for  the  materials  to  be  in  the  Dowlais 
furnace  63  hours  before  smelting :  for  if  45  and  47  hours  are  respectively 
sufficient  for  completing  the  deoxydation  and  cementation  in  small  fur- 
naces, a  similar  period  will  be  amply  sufficient  for  larger  furnaces.  K  the 
materials  were  to  pass  through  the  Dowlais  furnace  in  47  hours,  the  make 
in  pig-metal  would  be  120  tons  weekly,  or  8f  cwts.  per  cubic  yard  capa- 
city. But  the  materials  can  descend  no  faster  than  they  are  consumed  in 
the  hearth.  The  rate  at  which  the  fuel  is  consumed  and  the  iron-making 
materials  melted,  will  depend  on  the  volume  and  pressure  of  blast  em- 
ployed. Without  the  aid  of  the  blast  no  reduction  could  take  place. 
With  a  small  soft  blast  the  materials  will  descend  slowly,  and  the  make  of 
metal  will  be  small.  Increase  the  quantity  and  pressure  of  the  blast,  and 
the  materials  descend  faster,  and  the  make  is  increased.  But  there  is  a 
Umit  to  this  increase  of  volume,  and,  we  believe,  that  as  yet  blast  of  a 
greater  pressure  than  8  lbs.  to  the  square  inch  has  not  been  applied  to  smelt- 
ing.   The  maximum  volume  and  pressure  should  be  regulated  by  the  size 
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of  thefomace  qualities  of  the  ore,  fuel,  and  flux,  and  finally,  by  the  degree 
of  carburization  desired  in  the  resulting  metal.  Where  the  other  conditions 
are  similar,  the  volume  of  blast  should  be  in  proportion  to  the  cubic  capa- 
city of  the  furnace. 

The  Dowlais  grey-iron  furnace  consumes  2330  tons,  or  estimated  on  a 
make  of  90  tons  of  pig-iron  weekly,  25  tons  of  atmospheric  air  per  ton  of 
metal  made ;  the  Staffordshire  furnace,  22  tons ;  and  the  Anthracite  fdr- 
nace  27  tons — the  average  of  the  three  furnaces  being  a  fraction  luider  25 
tons.  Hence  the  consumption  of  atmospheric  air  at  the  Dowlais  furnace 
is  merely  the  quantity  due  to  the  make  of  pig-iron.  To  produce,  then,  120 
tons  of  pig-iron  weekly,  instead  of  90  tons,  as  at  present,  this  furnace 
should  have  a  corresponding  increase  in  the  volume  of  blast.  Instead  of 
6540  cubic  feet  per  minute,  there  should  be  8720.  That  it  is  at  present 
working  under  a  column  of  blast  too  small  and  weak  we  may  infer  from 
the  fact  that  a  furnace  at  the  same  works  averages,  when  on  grey  iron,  70 
tons  weekly,  though  of  no  more  than  160  cubic  yards  capacity.  This  is  at 
the  rate  of  8f  cwts.  nearly  per  cubic  yard.  In  its  consumption  of  blast  this 
small  furnace  averages  from  26  to  28  tons  to  the  ton  of  metal  obtained ; 
of  materials  the  yield  is  nearly  the  same  as  in  the  large  furnace. 

We  have  thus  fai*  considered  furnaces  working  under  a  burden  of  clean 
argillaceous  ironstone,  producing  grey  pig-iron ;  but  a  similar  deficiency 
of  blast  exists  at  the  large  furnaces  smelting  ores  and  cinder  for  the  pro- 
duction of  forge  iron,  and  as  the  number  of  furnaces  on  this  description  of 
iron  is  five  or  six  times  the  number  on  grey  iron,  the  loss  of  smelting 
power  at  some  works  from  this  cause  must  be  great  indeed. 

The  average  make  of  the  large  furnaces  on  a  mixture  composed  of  cal- 
cined ironstone,  ore,  cindersj  fuel,  and  flux,  as  previously  described,  is  110 
tons  a  week,  or  8  cwts.  per  yard  capacity,  with  a  blast  of  6540  cubic  feet 
per  minute.  At  the  Dowlais  works  there  are  two  furnaces  with  a  capacity 
of  139  yards  each,  or  just  one-half  of  the  large  ones,  but  having  a  blast 
of  nearly  the  same  volume  and  density.  They  are  generally  kept  on  com- 
mon forge  iron,  and,  when  the  burden  is  similar,  these  small  furnaces  pro- 
duce nearly  the  same  quantity  of  metal  as  the  large  furnaces  of  doable 
their  capacity ;  the  production  being  as  high  as  15^  cwts.  for  each  yard 
capacity.*    This  high  produce  is  obtained  solely  by  the  increased  blast, 

*  The  make  of  these  two  furnaces,  No.  6  and  7,  for  the  four  weeks  ending  July  8,  1852,  amounted 
in  the  aggregate  to  ^75  tons  10  cwts.  of  cold-blast  forge  iron,  equal  to  a  weekly  produce  of  109 
tons  nearly  from  each  furnace.  During  the  same  period  six  other  furnaces — ^mostly  new  ones  or  re- 
cently repaired — averaging  275  cubic  yards  capacity  each,  produced  2706  tons  of  hot  and  cold  blast 
forge  iron,  equal  to  a  weekly  make  of  112^  tons  per  furnace.  On  going  over  a  period  of  twentj-one 
years,  we  find  that  the  yield  of  the  small  furnaces  approaches  within  4  or  6  tons  of  the  laiger. 


OBSERVATIONS   ON    THE   WORKING   OF    BLAST   FURNACES.  97 

which  amounts  to  47  cubic  feet  per  minute  per  yard  capacity  of  furnace, 
against  24  feet  per  yard  in  the  large  furnace.  Were  the  large  furnaces 
blown  with  an  equal  volume  of  air,  at  the  requisite  density,  for  each  yard 
of  their  capacity,  their  produce  of  pig-metal  would  be  augmented  in  a 
similar  ratio ;  and  instead  of  110  or  115  tons  of  forge  pigs  weekly,  the 
make  would  be  from  220  to  230  tons  of  metal  of  equal  quality. 

This  deficiency  of  blast  is  a  very  common  feature  with  the  majority  of 
large  furnaces.  It  has  very  probably  resulted  from  ironmasters  not  suffi- 
ciently considering  that  the  cubic  capacity  of  furnaces  of  the  same  height 
is  nearly  as  the  square  of  their  largest  diameter.  Were  the  dimensions  of 
the  hearth  and  throat  determined  by  any  established  rule,  the  exact  ca- 
pacity of  a  furnace  might  easily  be  ascertained,  if  the  diameter  were 
known :  but  since  these  dimensions  vary  in  practice,  we  may  state  that  a 
furnace,  13  feet  8  inches  diameter  at  the  boshes,  and  44  feet  high  in  the 
interior,  will  contain  about  140  cubic  yards ;  and  a  furnace  18  fe^t  diam- 
eter, and  of  the  same  height,  280  cubic  yards.  Hence  an  increase  from  13 
feet  8  inches  to  18  feet  in  the  diameter  doubles  the  capacity  of  the  interior. 
Furnaces  built  prior  to  the  last  25  years  were  13  to  14  feet  diameter ;  since 
then  they  have  been  built  as  large  as  18  feet  and  18  feet  6  inches.  With 
this  increase  of  size  there  should  have  been  an  increase  in  the  volume  of 
blast,  if  an  augmentation  of  the  make,  in  ratio  with  the  capacity,  was  con- 
templated ;  but  if  a  greater  volume  was  employed,  it  is  certain  that  it  was 
not  in  proportion  to  the  increased  capacity. 

The  Plymouth  new  fmnaces  are  of  nearly  the  same  capacity  as  the 
Dowlais,  and  work  under  very  similar  conditions.  The  volume  of  blast 
thrown  in  is  nearly  the  same,  and  when  smelting  argillaceous  ironstone 
for  foundry  or  other  purposes,  the  make  of  pig-iron  is  as  low  in  propor- 
tion to  their  capacity  as  at  the  Dowlais  furnaces.  We  could  mention  other 
furnaces  in  the  South  Wales  and  other  districts,  which,  from  a  similar 
deficiency  of  blast,  are  not  producing  metal  in  proportion  to  their  capacity ; 
but  it  is  needless  to  multiply  instances. 

The  advantage  which  would  be  obtained  by  working  blast-furnaces  to 
their  maximum  power  of  smelting,  in  some  establishments,  would  be  very 
considerable.  With  a  full  blast  the  make  of  many  grey-iron  furnaces 
might  be  increased  one-third,  and  the  make  of  cinder  iron  furnaces 
doubled,  without  deteriorating  the  quality  of  the  pig-metal.  This  increase 
would  be  equivalent  to  so  much  additional  smelting  power ;  but  when 
greater  power  is  not  desired  the  employment  of  a  full  blast  will  cause  a 
smaller  number  of  furnaces  to  be  sufficient,  and  will  be  attended  with  a 
corresponding  economy  in  the  working  charges  of  the  furnaces. 
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SECTION  VI- 

PRODUCE  AND  QUALITT  OF  METAL. 

The  blast-ftimaces  employed  for  the  reductioii  of  iron  ores  vary  con- 
siderably in  their  dimeneionB,  and  in  the  quantity  of  metal  they  are 
capable  of  producing.  With  furnaces  working  under  similar  conditions 
of  ore,  fuel,  flux,  and  blast,  the  produce  of  metal  will  vary  in  nearly  the 
same  ratio  as  their  cubic  capacities.  With  furnaces  of  similar  capacity 
and  working  on  similar  materials,  but  differing  in  the  volumes  of  blast 
they  receive,  the  produce  will  be  in  nearly  the  same  ratio  as  the  volume 
of  blast.  However,  in  the  production  of  grey  iron  the  power  of  the  fuiv 
nace  is  limited  as  regards  quantity.  Thus  with  similar  solid  materials  the 
capacity  of  furnace  and  volume  of  blast  principally  determine  the  produce 
of  metal  of  a  given  quality.  It  is  essential  to  the  economical  manufacture 
of  iron  that  the  furnace  should  be  worked  to  its  maximum  power.  As  this 
subject  is  one  of  considerable  importance  to  the  smelter,  we  will  give  par- 
ticulars of  the  quantities  of  metal  produced  from  different  furnaces  under 
varying  circumstances  of  blast,  ore,  and  fuel,  and  of  the  various  propor- 
tions which  the  different  materials  bear  to  each  other,  to  the  resulting 
metal,  and  to  the  capacity  of  the  apparatus. 

The  foundry  iron  furnace  at  the  Dowlais  works  is  of  275  cubic  yards 
capacity,  and  is  blown  with  a  blast  of  5390  cubic  feet  of  air  per  minute. 
The  materials  charged  at  the  top  in  addition  to  fuel,  consist  of  calcined 
argillaceous  ore,  coal,  and  limestone.  The  yield,  or  consumption  averages 
48  cwts.  of  calcined  ore,  50  cwts.  of  coal,  and  17  cwts.  of  broken  limestone 
for  every  20  cwts.  of  crude  iron  obtained.  The  weekly  make  of  iron  is 
occasionally  over  130  tons,  but  we  may  assume  this  as  su£Sciently  high  for 
our  calculations.   The  produce  of  cinder  weekly  amounts  to  nearly  250  tons. 

The  weekly  consumption  of  solid  material  at  top  will  be  as  follows : 
Calcined  ore  312  tons,  coal  325  tons,  limestone  110  tons  10  cwts. — Total, 
747  tons  10  cwts.  By  measurement,  these  materials  in  a  mass  would 
occupy  1066  cubic  yards. 
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The  air  deUvEV^  by -the  tuyeres  weekly  weigbfi  1685  tons  and  measures 
60,650,400  cnbic  feet,  or  1,872,223  cnbic  yards. 

From  these  quantities  we  deduce  the  following  ratios  which  are  the  ex- 
treme proportions  when  the  iron  is  of  a  grey  quality,  and  smelted  from 
argillaeeous  ores : 

The  weekly  consumption  of  soUd  materials  at  top  is  at  the  rate  of  54 
cwts.  per  cubic  yard  capacity. 

The  weekly  produce  of  liquid  matter  from  the  hearth  is  nearly  28  cwts. 
per  cubic  yard  capacity. 

The  produce  of  metal  from  the  hearth  is  at  the  rate  of  9.5  cwts.  weekly 
for  each  yard  capacity. 

Each  ton  of  coal  charged  into  the  furnace  suffices  for  the  production  of 
S8.4  cwts.  of  liquid  matter  in  the  hearth. 

Estimated  on  the  carbon  in  the  coal,  the  ton  of  iron  is  produced 
with  a  consumption  of  43.5  cwts.  of  carbon,  and  the  ton  of  liquid  matter — 
iron  and  cinder — deposited  in  the  hearth  with  a  consumption  of  17.1  cwts. 
of  carbon. 

The  solid  materials  introduced  into  the  furnace  weekly  measure,  in 
their  original  form,  1166  cubic  yards ;  the  liquid  matter  obtained  measures 
172  cubic  yards. 

The  solid  materials  charged  at  the  top  are  in  the  furnace  40  hours  be^ 
fore  they  are  reduced  to  a  liquid  state. 

The  solid  materials  descend  through  the  throat  at  the  rate  of  28  inches 
per  hour ;  at  the  top  of  the  boshes  the  descent  is  reduced  to  7  inches  per 
hour,  but  is  accelerated  at  the  hearth  to  36  inches  per  hour. 

The  consumption  of  blast  per  minute  is  at  the  rate  of  20  cubic  feet  of 
air  to  each  yard  capacity  of  furnace. 

The  ton  of  iron  is  produced  with  a  consumption  of  3,888,490  cubic 
feet  of  air. 

The  air  decomposed  in  smelting  one  ton  of  iron  weighs  13  tons. 

The  weight  of  the  air  introduced  through  the  tuyere  is  to  the  weight 
of  the  solid  materials  introduced  at  the  top  as  16  to  7. 

The  materials,  solid  and  gaseous,  charged  into  the  frimace  for  each  ton 
of  iron  smelted,  weigh  18.8  tons. 

The  weekly  consumption  of  solid  and  gaseous  materials  weighs  altogether 
2442  tons,  of  which  880  tons  are  obtained  in  a  liquid  form  from  the  hearth, 
the  remaining  2062  tons  escape  in  tlie  gaseous  form  at  the  top.  Hence  for 
each  ton  of  liquid  matter  obtained  129  cwts.  of  gases  are  evolved  from  the 
fomace. 

The  atmospheric   air  introduced  weekly  measures   1,872,228    cubic 
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yards ;  the  gases  evolyed  from  the  tunnel-head  measure  7,488,000  cubic 
yards. 

The  ascending  gases  traverse  the  furnace  at  its  largest  diameter  at  the 
rate  of  415  feet  per  minute,  increased  at  the  throat  to  1660  feet 

The  time  which  elapses  from  the  admission  of  the  atmospheric  air  at 
the  tuyere  until  its  escape  at  the  tunnel-head  in  combination  with  the 
gaseous  products  of  combustion  is  nearly  7  seconds. 

For  the  production  of  white-iron  for  the  forge,  in  furnaces  of  the  same 
capacity  as  the  foregoing,  a  larger  volume  of  blast  is  employed  with  a 
different  burden  of  materials.  The  blast  averages  7370  cubic  feet  per 
minute.  The  consumption  of  materials  to  a  ton  of  crude  iron  averages  28 
cwts.  of  calcined  argillaceous  ore,  10  cwts.  hematite,  10  cwts«  of  forge  and 
finery  cinders,  42  cwts.  of  coal,  and  14  cwts.  of  limestone.  With  these 
materials  the  weekly  produce  of  liquid  matter  amounts  to  170  tons  of  crude 
iron  and  810  tons  of  cinders. 

Consumption  of  solid  materials  884  tons,  measuring  1103  cubic  yards  * 
and  of  air  2318  tons,  measuring  68,983,200  cubic  feet.  Hence  the  total 
weekly  consumption  amounts  to  3202  tons,  which  is  resolved  during  the 
process  into  480  tons  of  liquid  and  2722  tons  of  gaseous  matter. 

Under  these  circumstances  the  consumption  of  solid  materials  is  in- 
creased to  64  cwts.  per  yard  capacity ;  but  the  volume  is  not  sensibly 
greater,  consequently  they  are  in  the  furnace  nearly  the  same  time  as  in 
the  case  of  grey  iron. 

The  liquid  and  gaseous  products  bear  nearly  the  same  relation  to  each 
other  as  in  the  production  of  grey  iron. 

But  the  ton  of  crude  iron  is  produced  with  86.5  cwts.  of  carbon,  and 
the  ton  of  liquid  matter  with  13  cwts.  of  carbon. 

In  consequence  of  the  larger  volume  of  blast  and  comparatively  dense 
manner  in  which  the  materials  lie  in  the  furnace,  the  gaseous  column 
escapes  with  the  increased  velocity  of  2900  feet  per  minute ;  hence  the 
time  occupied  by  the  ascending  gases  in  traversing  the  height  of  the  fur- 
nace is  reduced  to  4  seconds. 

For  the  production  of  an  inferior  iron  for  the  forge,  the  burden  is  com- 
posed of  the  following  materials :  Hematite  16  cwts,,  refinery  cinders  25 
cwts.,  coal  36  cwts.,  and  limestones  16  cwts.  to  the  ton  of  crude  iron.  The 
capacity  of  furnace  and  volume  of  blast  are  the  same  as  in  the  last  instance. 
From  this  furnace  a  weekly  produce  of  190  tons  has  been  attained  accom- 
panied by  the  production  of  295  tons  of  cinder. '  The  weekly  consumption 
of  solid  materials  amounts  to  883  tons,  measuring  934  yards ;  of  air  2318 
tons. — ^Total,  3201  tons,  which  is  resolved  into  485  tons  of  liquid  and  2716 
of  gaseous  matter. 
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On  the  production  of  this  cinder-iron  then,  the  consnmption  of  eolid 
material  is  at  the  rate  of  64  cwts.  per  yard  capacity,  but  from  their  greater 
density  the  time  during  which  they  are  passing  through  the  furnace  is  in- 
creased to  46  hours. 

The  ton  of  iron  is  produced  with  a  consumption  of  31.3  cwts.  of  carbon, 
and  the  ton  of  liquid  matter  with  a  consumption  of  12  cwts. 

The  materials  used  being  so  much  more  dense,  the  ascending  column 
of  gases  traverses  the  height  of  the  furnace  in  3.5  seconds. 

The  Hirwain  foundry  iron  furnace  measures  200  cubic  yards  in  capa- 
city nearly,  and  is  blown  with  2541  cubic  feet  of  air  per  minute.  Yield 
of  materials :  Oalcined  ore  46  cwts.,  coke  34  cwts.,  limestone  16  cwts.,  to  a 
ton  of  crude  iron.  Produce  weekly,  90  tons  of  crude  ii*on  and  ISO  tons  of 
cinder. 

The  solid  materials  introduced  weekly  weigh  432  tons,  and  measure 
733  cubic  yards,  and  die  air  weighs  800  tons  and  measures  23,783,000 
cnbic  feet. 

Consumption  of  solid  material  per  yard  capacity  43  cwts. 

Produce  of  crude  iron  per  yard  capacity  9  cwts.,  of  liquid  matter  24 
cwts. 

The  ton  of  iron  is  produced  with  a  consumption  of  32  cwts.  of  carbon, 
and  the  ton  of  liquid  matter  with  12  cwts. 

The  solid  materials  composing  the  descending  column  are  in  the  fur- 
nace 43  hours  nearly. 

In  consequence  of  the  comparatively  small  volume  of  air  used  and  the 
porosity  of  the  coke,  the  ascending  column  is  12  seconds  passing  through 
the  furnace. 

The  employment  of  a  greater  volume  of  blast  would  enable  the  quan- 
tity  of  iron  yielded  by  the  Dowlais  and  Hirwain  foundry  ftimaces  to  be 
largely  increased ;  but  unless  a  larger  proportion  of  carbon  were  at  the 
same  time  used,  the  quality  of  the  iron  would  change  from  grey  to  white. 
The  grey  quality  along  with  the  increased  production  may  be  maintained 
by  the  employment  of  a  greater  quantity  of  carbon,  and  conversely  if  the 
volume  of  blast  be  dimmished,  grey  iron  may  be  produced  with  a 
lower  proportion  of  carbon,  but  in  less  quantity. 

Furnaces  smelting  carbonaceous  ores  are  not  subject  to  the  same  limits 
in  point  of  production  as  others.  From  the  large  quantity  of  carbon  in 
combination  with  the  metal,  a  greater  make  of  iron  may  be  obtained  from 
the  same  capacity  of  furnace.  The  volume  of  blast  moreover  is  much 
smaller,  and  the  quantity  of  cinder  scarcely  exceeds  in  weight  that  of  the 
crude  iron. 
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The  fimaees  at  the  Dandyvan  workB  average  167  eubic  yarda  capacity. 
Blaat  8010  cubic  feet  per  minute.  Yield  of  materiala :  Calcined  carbon- 
aceous ore  38  cwts.,  coal  40  cwts.,  and  limestone  6  cwts.  to  the  ton  of  crude 
iron.  On  these  materials  the  furnaces  average  150  tons  of  iron  and  140 
tons  of  cinders  weekly.  The  consumption  of  solid  materials  is  584  tons  10 
cwts.,  and  measures  786  cubic  yards.  The  blast  weighs  950  tims,  and 
measures  38,454,000  cubic  feet.  Hence,  the  consumption  of  materials 
amounts  to  1434  tons,  which  is  resolved  into  290  tons  liquid,  and  1144^na 
<^  gaseous  matter.  A  ton  of  fluid  products  is  thus  accompanied  widi  78 
Cwt8»  of  the  aeriform  against  129  cwts.  with  the  argillaceous  ore. 

The  weekly  consumption  of  solid  materials  is  at  the  rate  of  70  cwts.  per 
yard  capacity  of  furnace. 

The  weekly  produce  of  liquid  matter  from  the  hearth  is  34  cwts.,  and 
the  <»rude  iron  18  cwts.  per  yard. 

Each,  ton  of  coal  charged  into  the  furnace  suffices  for  the  production  of 
21  cwts.  of  liquid  matter. 

Estimated  on  the  carbon,  the  ton  of  iron  is  produced  with  30.4  cwts.  of 
earbon,  and  the  ton  of  liquid  matter  with  15.6  cwts. 

The  solid  materials  charged  into  the  furnace  at  the  top  are  in  the  fur- 
nace 33  hours. 

The  consumption  of  blast  per  minute  is  at  the  rate  of  18  cubic  feet  per 
yard  capacity. 

The  air  consumed  in  smelting  one  ton  of  crude  ir<m  weighs  6.3  tons. 

The  gases  escape  through  the  throat  with  a  velocity  of  1500  feet  per 
minute. 

The  gaseous  column  is  7.5  seconds  in  ascending  from  the  tuyeres  to  the 
throat. 

Iron  smelted  flrom  carbonaceous  ores  with  the  fuel  and  blast  described, 
contains  a  larger  percentage  of  carbon  than  is  found  in  Welsh  irons,  as 
will  be  seen  by  referring  to  the  analyses  of  crude  irons.  This  constitutes 
the  principal  defect  of  the  Scotch  pig*iron,  the  excess  of  carbon  rendering 
it  excessively  fluid,  and  incapable  of  being  readily  converted  into  mallea- 
ble iron.  On  reviewing  the  proportion  the  liquid  matter  obtained  from 
the  hearth  bears  to  the  weight  of  carbon  consumed,  we  find  that  the  Scotch 
furnace  occupies  a  most  anomalous  position.  Smeltmg  the  most  fusible 
ore  in  use  15.6  cwts.  of  carbon  are  consumed  for  each  ton  of  liquid  matter 
produced.  At  the  Hirwain  foundry  iron  furnace  smelting  a  less  fusible 
ore  the  consumption  is  only  12  cwts.  It  is  this  excessive  consumption  of 
earbon,  coupled  with  the  comparatively  slow  ascent  of  the  gaseous  oolunm, 
which  lowers  the  quality  and  strength  of  the  crude  iron. 
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For  the  production  of  crude  iron  from  carbonaceous  ores^  euitable  for 
conyersion  into  malleable  iron  of  a  superior  quality,  the  proportion  of  car- 
bon to  liquid  matter  should  be  reduced  above  one  half,  and  the  velocitj 
of  the  ascending  gaseous  column  doubled.  The  metal  would  then  contain 
less  cart>on,  and  might  be  the  more  readily  converted  in  malleable  iron. 

The  larger  consumption  of  carbon  necessary  to  groduce  grey  iron  with 
a  volume  of  blast  exceeding  20  feet  per  cubic  yard  capacity  of  furnace,  is 
partly  due  to  the  more  rapid  descent  of  the  materials  not  permitting  a 
greater  quantity  of  carbon  to  combine  with  the  metal,  but  chiefly,  however, 
we  believe  to  the  accelerated  velocity  with  which  the  ascending  column  of 
gases  pass  through  the  fhmace.  In  the  Dowlais  furnace  the  ascent  occu-. 
pies  7  seconds,  in  the  Hirwain  13  seconds.  In  die  latter  the  re  ucing  gas 
in  the  ascending  column  is  in  contact  with  the  materials  nearly  twice  the 
length  of  time  that  it  is  in  the  former,  and  doubtless  the  lower  yield  of 
carbon  per  ton  of  liquid  matter  in  the  case  of  this  furnace  is  mainly  due  to 
this  circumstance ;  the  degree  of  carburization  being  dependent  much  more 
on  the  velocity  of  ascent  of  the  gases  than  in  the  quantity  of  solid  carbon 
charged  at  top ;  otherwise  we  find  it  difficult  to  account  for  the  superior 
reducing  power  of  a  given  weight  of  carbon  in  the  Hirwain  furnace. 

The  proportions  of  carbon  per  ton  of  crude  iron  and  per  ton  of  liquid 
matter  are  almost  identical  in  the  Dowlais  crude  iron  and  the  Hirwain 
foundry  iron  furnaces ;  but  in  the  former,  notwithstanding  that  the  mate- 
rials are  in  the  furnace  3  hours  longer,  the  quality  of  the  iron  is  an  inferior 
white,  while  in  the  latter  it  is  fair  ordinary  grey.  In  the  velocities  with 
which  the  gases  pass  tlirough  the  furnace  there  is  a  wide  difierence.  They 
escape  from  the  Dowlais  furnace  with  a  velocity  of  2900  feet  per  minute, 
and  traverse  its  height  in  8.5  seconds ;  in  the  Hirwain  furnace  the  escape 
is  at  the  reduced  rate  of  788  feet,  and  the  time  of  traversing  the  height  of 
the  furnace  is  increased  to  12  seconds. 

If  the  d^ree  of  carburization  were  entirely  dependent  on  the  quantity 
of  vapour  of  carbon  brought  in  contact  with  the  metal,  the  Hirwain  far- 
naee  should  enjoy  no  superiority  over  the  Dowlais,  excepting  that  arising 
from  the  quality  of  the  materials  employed :  the  like  quantities  of  gaseous 
carbon  being  evolved  for  each  ^on  of  crude  iron  produced.  But  if  it  be 
allowed  that  the  velocity  of  the  gaseous  column  affects  the  degree  of  carbu- 
rization, the  difference  in  the  quality  of  the  product  of  the  two  furnaces  is 
immediately  explained.  When  the  important  part  the  gaseous  matter 
plays  in  the  reduction  of  the  ore  is  considered,  the  opinion  that  the  veloci- 
ty of  ascent  exercises  a  great  influence  on  the  quality  of  the  metal  is  great- 
ly strengthened.    In  the  Dowlais  funace,  the  aeriform  matters  ascend  at 
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the  rate  of  nearly  50  feet  per  second,  and  it  is  while  in  this  rapid  motion 
that  the  gases  have  to  effect  the  deoxydation  of  the  ore  and  carburization 
of  the  metal.  The  perfect  combination  of  the  oxygen  of  the  ore  with  the 
gaseous  carbon  is  certainly  to  some  extent  the  work  of  time,  and  the  great 
velocity  of  the  ascending  column  in  the  Dowlais  furnace  cannot  be  so 
favorable  as  the  reduced  speed  of  that  of  the  Hirwain  furnace ;  and  no 
doubt  the  difference  in  quality  arises,  to  a  great  extent,  from  this  cause. 

When  superior  quality  is  not  an  object  to  the  ironmaster,  the  make 
may  be  largely  increased  by  augmenting  the  volume  of  blast  The  weekly 
produce  of  inferior  white-iron  may  be  doubled,  and  a  make  of  800  tons  be 
readily  attained.  These  large  makes,  however,  are  not  so  economical  in 
manufacture  as  more  moderate  quantities. 

The  quantity  of  ironstone  or  other  material  consumed  in  the  manufac- 
ture of  one  ton  of  iron  is  spoken  of  amongst  smelters  as  the  yield  of  that 
material.  When  the  consumption  is  small  for  the  quantity  of  metal  pro- 
duced, the  yield  is  considered  good,  but  if  large  a  contrary  judgment  is 
pronounced.  This  term,  although  not,  strictly  speaking,  a  correct  one,  is 
used  in  connection  with  nearly  all  the  operations  of  iron-works.  In  well- 
regulated  establishments  the  expenditure  of  materials,  labor,  stores,  <&c., 
in  every  department  per  ton  of  metal  made  is  recorded,  and  by  inspecting 
the  books  the  yield  of  each  item  may  be  ascertained  for  any  given  period. 
It  may  be  necessary,  however,  to  remark  here,  that  in  all  other  eases 
throughout  this  work  the  term  yield  is  also  used  in  its  proper  sense — 
namely,  for  the  net  produce  of  metal  or  other  substance  from  a  given 
quantity  of  material. 

The  consumption  of  argillaceous  u'onstone  in  the  manufacture  of  dark 
grey-iron  will  generally  be  in  an  inverse  ratio  to  the  quantity  of  metal  in 
the  ore.  If  it  contains  29  per  cent.,  the  consumption  will  be  4  tons  to  each 
ton  of  metal  produced ;  if  38  per  cent.,  3  tons  of  stone  will  be  required ; 
but  if  it  contains  46  per  cent.,  the  consumption  will  be  reduced  to  48  cwts. 
of  ironstone  per  ton  of  iron.  A  few  of  the  argillaceous  ironstones  yield  50 
per  cent.;  when  calcined  with  such,  the  consumption  will  average  44 
cwts.  per  ton. 

The  whole  of  the  metal  contained  in  the  stone  is  never  obtained ;  a  por* 
tion  remains  in  the  cinder  even  when  the  smelting  has  been  conducted 
under  the  most  favourable  circumstances.  The  quantity  of  metal  lost  in 
this  way  will  vary  with  the  richness  of  the  ore.  With  the  leaner  ironstones 
the  loss  will  range  from  12  to  14  per  cent,  of  the  quantity  of  iron  in  the 
ore ;  with  richer  stones  it  will  range  from  8  to  12  per  cent. 

The  grey  cinder  from  blast  furnaces  using  mineral  fuel  usually  con* 
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tain  from  4  to  7  per  cent,  of  iron.  Occasionally  instances  occur  of  a  lower 
percentage,  but  much  more  frequently  the  higher  number  is  exceeded ; 
BO  that  if  the  furnace  be  producing  a  large  proportion  of  cinder  to  iron,  it 
is  evident  that  the  loss  from  this  cause  must  be  very  considerable. 

In  smelting  one  ton  of  pig-iron  from  an  ironstone  containing  29  per 
cent,  of  metal,  4  tons  of  stone  are  consumed.  This  quantity  contains  23.2 
cwts.  of  metal,  20  cwts.  of  which  are  obtained  as  pig,  and  3.2  cwts.  remain 
in  the  cinder.  With  such  an  ironstone  a  large  quantity  of  limestone  will 
be  required  for  fluxing,  and  the  product  of  cinder  will  range  from  60  to  70 
cwts.  per  ton  of  pig-iron.  Then  if  we  estimate  that  the  cinder  contains  no 
more  than  5  per  cent,  of  metal,  the  3.2  cwts.  will  be  fully  accounted  for. 
A  loss  of  3.2  cwts.  on  23.2  cwts.  is  equal  to  14  per  cent,  nearly. 

With  richer  ironstones  the  loss  of  metal  in  the  cinder  becomes  less ;  in 
smelting  an  ore  containing  50  per  cent,  of  iron,  the  production  of  1  ton  of 
pig-metal  requires  the  consumption  of  44  cwts.  of  stone.  This  will  contain 
22  cwts.  of  metallic  iron,  showing  2  cwts.  lefl  in  the  cinder  for  every  20 
cwts.  produced. 

The  quantity  of  limestone  required  will  not  be  so  great  as  in  the  former 
case,  in  consequence  of  the  smaller  proportion  of  earthy  matter  present, 
and  the  cinder  will  not  necessarily  exceed  40  cwts.  per  ton  of  pig-iron. 

But  this  proportion  of  cinder,  at  the  same  low  estimate  which  we  pre- 
viously adopted,  will  contain  2  cwts.  of  metal,  representing  a  loss  of  9  per 
cent  in  this  instance  against  14  per  cent,  in  the  last. 

An  ironstone  may  be  so  lean  that  the  metal  remaining  in  the  cinder 
may  equal  in  quantity  that  obtained  in  pigs.  Such  ironstones  are  not  used 
when  others  containing  a  greater  percentage  of  metal  can  be  obtained. 
But  the  obvious  disadvantage  attending  on  the  use  of  lean  ores,  on  account 
of  the  large  proportion  of  metal  carried  away  in  the  cinder,  should  induce 
smelters  to  consider  well  how  far  by  a  want  of  attention  to  this  point  the 
cost  of  manufacture  is  increased.  In  smelting  a  stone  containing  only  20 
per  cent,  of  metal,  more  than  6J  tons  must  be  used  for  each  ton  of  pig- 
iron  obtained,  showing  metal  left  in  the  cinder  to  the  extent  of  25  per 
cent. ;  whilst  with  one  so  low  as  15  per  cent,  the  consumption  of  ore  will 
exceed  9  tons,  and  the  loss  of  metal  35  per  cent.,  or  more  than  one-third 
of  that  existing  in  the  ore  will  remain  in  the  cinder. 

The  carbonaceous  kind  of  ore  probably  produces  a  ton  of  pig-iron  from 
a  smaller  quantity  of  stone  than  any  other  species.  The  average  percent- 
age of  metal  in  calcined  Scotch  carbonaceous  ironstone  is  nearly  60  per 
cent ;  the  quantity  consumed  per  ton  of  iron  averages  35  cwts.  The  metal 
in  this  quantity  of  stone  weighs  21  cwts.,  1  cwt.  only  remaining  in  the 
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cinder.  This  oomparativelj  Bmall  loss,  consequent  upon  the  BmaUneBS  of 
the  quantity  of  cinder  produced,  places  this  ore  in  most  favourable  con- 
trast with  lean  argillaceous  ironstone.  Instead  of  a  loss  of  10  to  14  per 
cent,  as  with  this  latter  yariety,  the  carbonaceous  ironstone  is  smelted 
with  a  loss  of  only  5  per  cent,  of  its  metal.  This  great  produce  of  metal 
from  a  given  weight  of  stone  is  an  important  advantage  to  ir<»imaster8 
who  use  carbonaceous  ores,  and  has  doubtless  contributed  in  no  small 
measure  to  the  greatly  extended  use  of  this  class  of  ironstones  in  the  blast 
furnace  of  late  years. 

OaloareouB  ironstones  also  yield  better  than  the  argillaceous  kinds,  in 
consequence  of  the  small  quantity  of  cinder  produced.  lime  being  already 
present  in  them  in  nearly  sufficient  proportion  for  fluxing  the  other  earths, 
the  quantity  of  cinder  is  necessarily  limited.  Besides  which  we^ht  for 
weight  the  cinder  usually  contains  rather  less  metal  than  the  average  of 
that  from  argillaceous  ironstones. 

The  yield  from  siliceous  ironstones,  in  proportion  to  the  iron  they  con- 
tain, is  inferior  to  that  from  either  of  the  other  varieties.  On  account  <^ 
the  infusible  nature  of  the  earthy  constituents  of  the  ore,  a  larger  quantity 
of  limestone  is  required  for  fluxing.  This  forms,  with  the  siliceous  earths, 
a  cold  sluggish  cinder,  from  which  the  metal  does  not  freely  separate. 
The  quantity  of  cindei*s  is  consequently  large,  and  they  contain  from  6  to 
iT  per  cent,  of  metal.  In  practice  a  siliceous  ironstone  yielding  45  per 
cent,  of  metal  will  not  produce  more  than  40  per  cent  of  pig-iron,  the 
cinder  retaining  the  remainder. 

The  produce  of  pig-iron  from  the  primary  iron  ores — the  red  and  hy- 
drated  hematites — ^is  lower  in  proportion  to  their  richness  than  from  argil- 
laceous or  calcareous  ironstones.  These  ores  contain  generally  about  50 
per  cent  of  metal,  but  they  require  the  addition  of  considerable  quantities 
of  burnt  argillaceous  shale  and  limestone  for  flux  when  grey  pig-iron  is 
desired.  In  consequence  of  this  addition  the  flow  of  cinder  is  compara- 
tively large — from  45  to  50  cwts.  per  ton  of  pig-iron.  These  cinders  retain 
a  portion  of  the  metal  originally  in  the  ore,  therefore  the  quantity  required 
for  smelting  1  ton  of  pig-iron  is  raised  from  40  cwts. — ^the  theoretical 
yield — ^to  45  cwts.  A  loss  of  6  cwts.  on  every  45  cwts.  is  equal  to  11  per 
cent.  The  loss  thus  exceeds  by  2  per  cent,  that  with  argillaceous  iron- 
stones containing  an  equal  quantity  of  metal. 

The  burnt  shale  generally  used  to  supply  the  deficiency  of  fiisible 
earths  in  the  primary  ores  contains  a  small  percentage  of  iron.  This 
unites  with  the  metal  in  the  ore,  and  so  raises  the  yield  of  pig-iron  slightly 
above  that  due  to  the  ore  alone. 
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Hitherto  we  have  Bupposed  that  the  furnace  is  working  well  on  grej 
pig-iron,  and  that  the  cinders  produced  are  of  a  grey  stony  fracture,  but 
alterations  in  the  quantity  or  quality  of  any  of  the  materials  may  result 
in  the  production  of  a  white  metal  and  dense  cinder  of  a  black  glassy 
exterior  and  of  a  dull  lead  colour  within.  Whenever  from  accident  or  any 
other  cause  such  an  altwation  takes  place,  the  produce  of  pig-iron  in  pro- 
portion  to  the  ironstone  rapidly  diminishes,  and  the  percentage  of  metal 
in  the  cinder  is  augmented  in  a  similar  degree.  Under  ordinary  circum- 
stances,  a  ton  of  pig-iron  will  require,  as  stated  cdready,  41  cwts.  of  a 
stone  yielding  50  per  cent^  and  the  grey  stony  cinder  produced  will  con* 
tain  metal  to  the  amount  of  about  6  per  cent  of  their  weight ;  but  when 
the  operations  of  the  fbmace  are  deranged,  the  consumption  of  ironstone 
will  sometimes  rise  as  high  as  60  owts.  per  ton  of  pig-iron,  and  the  cinder 
will  contain  metal  to  the  extent,  in  extreme  cases,  of  20  per  cent,  of  its 
weight  The  consumption  of  3  tons  of  such  an  ironstone  to  produce  1  ton 
of  pig-iron,  involves  a  loss  ci  10  cwts„  or  88  per  cent  of  the  metal  eon* 
tained  in  it  This  quantity  of  metal  is  left  in  the  cinder  and  lost  A  large 
quantity  of  ironstone  being  consumed,  the  quantity  of  cinder  corresponds, 
and,  through  the  imperfect  separation  of  the  metal  from  it,  it  will  weigh  3 
tons  per  ton  of  pig-iron.  These  3  tons  of  cinder  contain  10  cwts.  of  metal, 
or  16^  per  cent,  of  their  weight,  instead  of  5  per  cent,  as  before. 

A  furnace  may  work  several  months  without  producing  a  cinder  con* 
taining  so  much  metal  as  16  per  cent ;  but  in  large  establishments  it  is 
not  difSoult  to  find  cinder  containing  this  and  larger  quantities  of  metal, 
even  up  to  20  per  cent.  The  average  yield  of  metal  in  the  furnace-cinder 
made  throughout  South  Wales  will  not  fall  far  short  of  10  per  cent.  It  is 
supposed  by  some  smelters  that  the  grey  cinder  contains  no  metal,  but  on 
reference  to  the  analyses  of  cinders  produced  under  different  states  of  th^ 
fdmace,  it  will  be  seen  that  even  the  grey  varieties  eontain  from  4  to  7 
per  cent,  of  iron. 

The  greater  consumption  of  materials  for  a  given  quantity  of  iron 
which  occurs  when  the  furnace  is  working  badly,  is  shown  in  the  most 
striking  manner  by  the  weekly  statement  of  materials  consumed.  For  the 
week  ending  April  25th,  18.46,  the  make  of  the  foundry  iron  furnace  was 
115  tons  10  cwts. ;  consumption  of  calcined  ironstone  257  tons,  or  45  cwts. 
per  ton  of  pig-iron  obtained.  This  was  considered  a  good  yield ;  but  from 
this  point  the  make  declined,  the  quality  deteriorated,  the  cinder  changed 
to  a  dull  black  colour  and  the  yields  were  in  an  inverse  ratio  to  the  dimin* 
ished  make.  In  the  succeeding  month  the  week's  make  was  86  tons  11 
cwts. ;  calcined  ironstone  consumed  278  tons,  or  65  cwts.  per  ton  of  pig* 
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iron  obtained.  Calculating  that  the  percentage  of  metal  in  the  ironstone 
was  the  same  on  both  occasions,  and  with  argillaceons  ironstone,  the 
variation  from  week  to  week  is  very  trifling,  the  278  tons  of  calcined  iron- 
stone should  have  produced  123  tons  10  cwts.  of  pig-iron  instead  of  86 
ton  11  cwts.  Thus  in  the  May  week  the  loss  of  metal  from  the  deranged 
condition  of  the  furnace  amounted  to  37  tons,  or  80  per  cent,  of  the  quan- 
tity obtainable  under  more  favourable  circumstances.  From  this  ruinous 
condition  the  furnace  recovered  in  a  few  weeks,  and  in  July  made,  in  one 
week,  121  tons,  with  a  consumpton  of  48  cwts.  of  calcined  ironstone  per 
ton ;  but  this  was  evidently  forcing  it  beyond  its  powers,  for  in  the  suc- 
ceeding weeks  the  make  fell  to  82  tons  14  cwts.,  and  the  consumption  of 
ironstone  rose  to  60  cwts.  Where  the  furnace  is  forced  to  the  production 
of  a  quantity  of  metal  greater  than  its  dimensions  warrant,  irregularities, 
such  as  we  have  mentioned,  will  occur,  attended  with  an  increased  con- 
sumption of  ironstone,  fuel,  and  flux,  and  the  cost  of  the  resulting  pig-iron, 
though  inferior  in  quality,  will  be  greatly  above  that  of  the  best  grey  iron 
made  in  less  quantities. 

The  production  of  pig-iron  for  forge  purposes  from  a  mixed  burden  is 
usually  accompanied  by  a  great  loss  of  metal.  The  quantity  of  fuel  al- 
lowed for  smelting  a  given  weight  of  materials  is  in  nearly  every  establish- 
ment too  little  for  the  perfect  reduction  of  the  metal  with  existing  appli- 
ances. From  a  mistaken  idea  of  economy  the  burden  carried  by  the  fuel 
is  fixed  so  high  that  the  yield  and  quality  of  the  pig-iron  are  reduced  below 
the  proper  level.  The  cinders  are  dark  brown,  black,  or  lead  colour,  ac- 
cording to  the  percentage  of  iron  they  contain,  and  a  great  quantity  of 
metal  is  lost  in  the  cinder.  Were  smelters  to  consider  for  an  instant  die 
very  different  values  of  pig-iron  and  coal,  it  is  probable  that  the  quantity 
thus  wasted  would  be  considerably  reduced. 

We  have  stated  elsewhere  that  a  common  burden  for  forge  iron  of 
ordinary  quality  consists  of  28  cwts.  of  calcined  ironstone,  10  cwts.  of  cal- 
careous or  siliceous  iron  ores,  and  10  cwts.  of  forge,  or  forge  and  finery 
cinders  for  each  ton  of  pig-iron  produced.  The  ironstone  will  yield  on  an 
average  48  per  cent,  of  metal,  the  ores  50  per  cent.,  and  the  cinders  55  per 
cent.  The  quantity  of  metal  in  the  respective  ironmaking  materials  will 
be  as  follows :  Calcined  ironstone,  13.44  cwts. ;  ores,  5  cwts. ;  cinders,  5.5 
cwts. ;  total,  23.94  cwts.,  or  3.94  cwts.  beyond  the  quantity  of  pig-iron 
obtained.  The  cinders  flowing  from  a  furnace  thus  burdened  weigh  nearly 
2  tons  for  each  ton  of  pig-iron  made,  and  contain  by  analysis  from  10  to  12 
per  cent,  of  metal.  If  this  quantity  of  cinder  contains  3.94  cwts.  of  metal, 
the  difiFerence  between  the  supply  and  the  yield,  the  proportion  will  be 
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within  a  fraction  of  10  per  cent.  The  loss  of  3.94  on  23.94  cwts.  is  equal 
to  17  per  cent. 

But  the  majority  of  the  forge  iron  furnaces  in  South  Wales  work  with  a 
greater  loss  than  17  per  cent.  The  cinder  produced  contains  on  an  aver- 
age more  than  10  per  cent,  of  metal.  It  is  not  an  unfrequent  circumstance 
to  see  furnaces  burdened  so  high,  that  for  a  period  of  some  months  15  to 
18  percent,  of  the  weight  of  the  cinder  is  oxide  of  iron. 

The  loss  of  iron  under  such  circumstances  is  very  great  indeed.  At  a 
moderate  computation  the  amount  of  pig-iron  annually  thrown  away  in 
cinders — ^the  greater  portion  from  an  utter  disregard  of  the  simplest  prin- 
ciples that  govern  the  action  of  blast  furnaces — cannot  be  less  than 
250,000  tons  in  the  South  Wales  district  alone.  In  other  districts  smelt- 
ing pig-iron  for  manufacture  into  bars,  the  waste,  in  proportion  to  the 
quantity  smelted,  is  scarcely  inferior  to  that  in  Wales. 

This  great  waste  of  metal  is  of  comparatively  recent  origin.  It  is  not 
more  than  30  or  35  years  since  manufacturers  commenced  using  a  mixture 
of  cinder  and  the  richer  ores  for  the  production  of  an  inferior  description 
of  pig-iron  for  refining  and  conversion  into  bars.  Prior  to  the  year  1820 
the  forge-iron  was  smelted  from  the  argillaceous  ironstone  of  the  coal 
formation  without  any  foreign  mixture.  The  cinders  produced  were  usu- 
aUy  grey,  and  contained  a  minimum  percentage  of  metal.  This  was  in  a 
great  measure  owing  to  the  large  consumption  of  coal — 4  to  6  tons — ^prev- 
alent at  that  time.  Since  that  period,  while  the  consumption  of  fuel  has 
diminished,  the  burden  has  been  composed  in  part  of  cinder  and  primary 
ores — at  first  in  small  quantities — 3  cwts.  of  Lancashire  ore  to  the  ton  of 
pig-iron  being  considered  a  large  proportion ;  latterly,  however,  the  con- 
sumption has  increased  to  so  great  an  extent  that  these  ores  frequently 
form  the  largest  portion  of  the  burden.  Wherever  this  is  the  case,  unless 
accompanied  by  an  increase  in  the  quantity  of  fuel,  and  the  adaptation  of 
the  furnace  to  the  altered  burden,  the  resulting  cinders  are  black  in  colour, 
and  contain  large  quantities  of  metal.  The  smelting  power  of  the  fuel 
having  been  previously  taxed  to  its  utmost,  it  is  unable  to  carry  the  fur- 
nace through  any  alteration  of  burden. 

That  the  general  quality  of  forge  pig-iron  has  been  lowered,  in  conse- 
quence of  the  increased  use  of  cinder  and  rich  ores,  there  can  be  no  ques- 
tion ;  but  we  may  remark  that  for  many  purposes  to  which  bar  iron  is  now 
applied  quality  is  a  secondary  consideration,  and  the  use  of  cinder  and 
rich  ores  in  moderation  is  attended  with  numerous  advantages  to  the  man- 
ufacturer. 

The  quantity  of  coal  consumed  to  smelt  one  ton  of  pig-iron  evidently 
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varies  with  its  riehness  in  carbon  and  general  qtiality,  but  is  also  affected 
by  the  nature  of  the  ironstone,  flux,  and  blast.  Considering  them  bj  their 
richness  in  carbon,  and  estimating  that  a  given  quantitj  of  anthracite  coal 
is  capable  of  producing  1000  lbs.  of  iron,  an  equal  quantitj  of  the  best 
Dowlais  coal  would  reduce  954  lbs. ;  Fonlypool  bituminous  coal,  878 ;  and 
Scotch  coal,  835  lbs. 

In  no  operation  connected  with  an  iron-works  has  there  been  a  greater 
reduction  made  in  the  consumption  of  materials  than  in  the  coal  for 
smelting.  The  rigid  economy  of  fuel  practised  in  several  Welsh  works 
has  resulted  in  a  saving  of  nearly  two*thirda  of  the  quantity  foim^ly  con- 
sidered necessary.  In  1791  the  consumption  of  coal  to  each  ton  of  pig- 
iron  averaged  6  tons ;  in  1821  it  had  diminished  to  4  tons ;  and  in  1831  to 
2  tons  5  cwts.,  which  is  nearly  the  quantity  required  at  the  present  day. 

The  maximum  quantity  of  coal  for  smelting  an  ironstone  will  depend 
on  the  quality  and  fusibility  of  the  combined  earths  and  the  yield  of 
metaL  The  siliceous  varieties,  on  account  of  their  infusible  matrix,  re- 
quire the  largest  quantity  of  fuel  in  smelting;  the  red  and  hydrated 
hematites  the  next  largest  quantity ;  the  calcareous  ores  require  less ;  the 
argillaceous  ironstones  are  smelted  with  comparative  facility,  but  the  least 
consumption  of  fuel  takes  place  with  the  carbonaceous  ironstones. 

The  presence  of  carbon  greatly  increases  the  fusibility  of  ironstones, 
and  diminishes  the  consumption  of  fuel.  Siliceous  ores  which  contain  a 
portion  of  carbon,  although  abounding  largely  in  silica,  are  smelted  with 
greater  facility,  and  produce  a  superior  metal  to  those  where  this  con- 
stituent is  wanting.  In  several  of  the  carbonates  of  the  coal  formation 
silica  is  the  predominating  impurity ;  but  owing  to  the  presence  of  carbon 
they  are  smelted  with  a  low  yield  of  coal.  If  the  quantity  of  carbon  be 
large,  as  in  the  carbonaceous  ironstones,  the  consumption  is  reduced  nearly 
one-half,  and  the  fusibility  of  the  ore  is  so  great,  that  with  this  reduced 
proportion  of  fuel  the  production  is  augmented  to  nearly  twice  the  quan- 
tity which  it  is  possible  to  obtain  from  the  same  furnace,  working  on  other 
descriptions  of  ironstone. 

The  demand  for  fuel  is  affected  by  the  richness  of  the  ironstone.  It  is 
greatest  with  the  poorest  stones ;  but  when  an  ironstone  contains  more 
than  60  per  cent,  of  metal  (carbonaceous  ironstones  excepted)  the  con- 
sumption of  fuel  is  not  diminished  below  the  proportion  due  to  a  stone  of 
that  percentage.  To  produce  iron  of  good  quality  from  the  richest  iron- 
stones a  quantity  of  shale  is,  as  before  stated,  used  to  compensate  for  the 
deficiency  of  earths  in  the  stone,  and  to  form  a  fluid-cinder  for  the  pro- 
tection of  the  iron  in  the  hearth.    The  quantity  of  shale  used  increases  in 
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proportion  to  Hxe  percenti^  of  metal  in  the  ore,  snffident  being  added  te 
redace  the  main  yield  of  metal  to  50  per  cent  or  mider :  ooneeqnentlj, 
die  conflomption  of  fael  will  eqnal  that  for  an  ironstcMie^f  the  richness  of 
the  aggregate. 

In  smelting  argillaceous  ironstone,  45  cwts.  of  ooal  containing  87  per 
cent  of  carbon  is  consumed  for  each  ton  of  grej  pig-iron  produced.  This 
16  nearly  2  lbs.  of  carbon  to  each  pound  of  iron,  and  this  proportion  holds 
good  with  coals  containing  less  carbon,  the  quantity  of  a  coal  used  being 
generally  in  an  inverse  ratio  to  its  yield  of  carbon.  But  numerous  other 
circumstances,  also,  more  or  less  affect  the  reducing  power  of  the  fueL 

Among  raw  coals,  ton  for  ton,  anthracite  reduces  the  largest  amount 
of  metal ;  and  the  semi-bituminous  coal,  mined  to  the  east  of  Merthyr 
lydfil,  comes  next  in  order.  Scotch  coal  is  that  most  extensively  used  in 
the  raw  state ;  but  its  power  is  lower  than  that  of  either  of  the  above* 
mentioned  kinds. 

It  is  with  coke  as  with  coal — ^the  harder  and  denser  the  coke  and  the 
more  concentrated  the  carbon,  the  greater  the  reducing  power.  A  light, 
hollow,  spongy«looking  coke  exposes  too  great  a  surface  to  the  action  of 
the  blast ;  it  consumes  quickly,  without  producing  a  very  intense  heat ; 
and  to  maintain  the  requisite  temperature  the  quantity  requires  to  be 
largely  increased,  and  the  consumption  of  carbon— estimated  on  the 
amount  in  the  raw  coal — ^is  sometimes  double  or  treble  what  it  would  be 
with  coal  of  a  superior  description. 

The  consumption  of  coal  or  coke  will  also  depend  on  its  hardness,  and 
its  capability  to  resist  fracture  in  the  furnace. 

Breakage  or  crumbling  in  the  furnace  may  occur  from  several  causes—^ 
either  from  the  natural  weakness  of  the  coke,  the  great  height  of  the 
apparatus,  the  dense  character  of  the  ore,  or,  if  the  coke  be  soft,  from  its 
grinding  to  dust  against  the  ore  and  flux.  Such  pieces  only  as  reach  the 
zone  of  fusion  in  a  comparatively  whole  state  contribute  to  the  main- 
tenance of  the  temperature.  The  small  fragments  and  dust  are  injurious, 
and  do  not  assist  in  the  reduction  of  the  metal ;  so  that  as  much  carbon  as 
they  contain  is  consumed  in  addition  to  the  quantity  that  would  be 
required  of  unbroken  coke.  The  presence  of  dust  and  small  coke  is  proved 
by  their  constant  discharge  at  the  tunnel-head  and  under  the  tymp  imme- 
diately after  casting. 

The  consumption  of  coke  is  increased  when  it  contains  much  water. 
The  actual  quantity  of  carbon  charged  is  diminished,  and  a  portion  of  the 
heating  power  of  the  fuel  is*  expended  in  evaporating  the  water.  If  this 
water  amounts  to  12  per  cent,  by  weight  of  the  coke— not  an  unusual 
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circumstance — ^the  Bmelting  powers  of  the  fuel  are  diminished  12  per  cent 
by  the  weight  of  the  water,  and  then  further  by  the  weight  of  the  fuel 
consumed  in  vapourising  this  water  and  restoring  the  temperature  of  the 
materials.  This  diminution  of  heating  power  has  to  be  met  by  an 
increased  consumption.  If  36  cwts.  of  dry  coke  suffice  to  produce  good 
pig-iron,  the  consumption  of  wet  coke,  to  produce  iron  of  an  equal  quality, 
will  be  not  less  than  45.5  cwts.  But  the  consumption  of  wet  coke  is 
usually  greater  than  this,  which  is  attributable  to  the  partial  disintegration 
of  the  pieces  by  the  escaping  vapour. 

The  admission  into  the  furnace  of  water  in  any  shape  is  attended  with 
an  increased  consumption  of  fuel.  If  it  enter  with  the  ironstone,  the 
increase  in  the  quantity  of  fuel  will  be  in  proportion  to  the  degree  of  satu- 
ration ;  but  it  will  at  all  times  be  in  excess  of  the  quantity  necessary  to 
evaporate  the  water. 

"Where  water  enters  the  furnace  through  the  tuyere  in  the  form  of 
moisture  in  the  blast,  the  consumption  of  fuel  is  increased  in  proportion  to 
die  increase  of  moisture  over  that  usually  existing  in  the  atmosphere. 
"Water  exists  in  comparatively  dry  air  to  the  extent  of  1.42  per  cent.,  and 
the  quantity  contained  in  the  25  tons  of  blast  thrown  in  for  each  ton  of 
pig-iron  weighs  71  cwts.  A  portion  of  the  2i  lbs.  of  carbon  consumed 
for  each  pound  of  iron  is  evidently  wasted  in  evaporating  this  water.  In 
a  damp  state  of  the  atmosphere  the  quantity  of  water  in  the  blast  is  6  or 
7  cwts.  in  excess  of  this  weight,  and  necessarily  a  correspondingly  increased 
weight  of  carbon  is  constmied. 

In  the  summer-time,  on  account  of  the  greater  quantity  of  moisture  in 
the  atmosphere,  the  consumption  of  fuel  is  greater  than  in  winter.  By 
reference  to  the  records  of  the  monthly  yields  of  materials  at  the  Dowlais 
furnaces,  we  find  that  the  difference  is  very  considerable,  probably  more 
than  is  generally  believed.  Taking  the  average  of  five  years,  selected 
promiscuously  from  twenty-two  years'  working,  we  find  that  at  the  foundry 
iron  furnace  the  yield  of  coal  per  ton  of  pig-iron  was,  in  the  winter  months, 
49.7  cwts.;  spring,  52.2  cwts.;  summer,  53.1  cwts.;  and  autumn,  55.4 
cwts.  The  excess  of  the  autumn  over  the  winter  months,  5.7  cwts.,  is 
equal  to  an  increase  of  11  per  cent.  At  the  forge  iron  furnace  the  yields 
in  the  winter  months  are  43.6  cwts. ;  spring,  44.2 ;  summer,  44.6 ;  and 
autumn,  45.8  cwts.  The  excess  of  autumn  over  winter,  2.2  cwts.,  is  equal 
to  5  per  cent.  The  variation  of  yield  with  the  season  is  still  more  marked 
with  the  ballast  iron  furnace,  the  yields  being  in  winter  43.2  cwts. ;  spring, 
44.1 ;  summer,  50.1 ;  and  autumn,  49.5,  or  6.3  cwts.  more  in  autumn  than 
in  winter,  equal  to  18  per  cent,  nearly.    The  greater  imiformity  in  the 
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forge  iron  furnace  yields  we  attribute  to  the  variation  in  the  composition 
of  the  burden.  The  average  consumption  of  ores  during  five  years  was,  in 
winter,  6,6  cwts. ;  autumn,  8.4  cwts, ;  and  of  cinder,  in  winter,  8.3  cwts. ; 
and  autumn,  11.8  cwts.  With  this  increase  of  ores  and  cinders  in  autumn, 
the  yield  of  local  ironstone  was  reduced  from  47  cwts.  in  winter  to  41.2 
cwts.  in  the  autumn.  An  increased  use  of  rich  Lancashire  ore  and  forge 
cinder,  without  the  addition  of  clay  or  other  material  to  improve  the 
quality  of  the  iron,  would  result  in  a  diminished  yield  of  fuel. 

Throughout  the  Welsh  works  the  consumption  of  primary  ores  is  largest 
in  summer  and  autumn.  In  these  seasons  the  trade  in  sea-borne  ores  is 
prosecuted  with  the  greatest  activity,  and  the  manufacturers  are,  in  con- 
seqaence,  well  supplied ;  but  in  winter  and  spring  the  falling  off  in  the 
shipments  causes  a  larger  consumption  of  the  local  ironstones. 

The  yield  of  fuel  in  the  furnace  is  diminished  when  caustic  lime  is 
substituted  for  limestone.  This  diminution  in  the  weight  of  carbon  is 
nearly  equal  to  one-third  of  the  difference  between  the  weight  of  the  caus- 
tic lime  and  limestone.  If  the  burden  of  17  cwts.  of  limestone  be  replaced 
by  an  equivalent  quantity  of  caustic  lime,  say  10.2  cwts.,  the  reduction  in 
weight  will  be  6.8  cwt&,  and  one-third  of  this,  2.26  cwts.,  will  give  nearly 
the  reduction  in  the  weight  of  carbon,  arising  from  the  substitution.  If 
the  coal  yields  87  per  cent,  of  carbon,  the  saving  will  equal  2.57  cwts.  of 
coaL 

But  against  the  diminished  consumption  in  the  blast  furnace  there 
must  be  placed  the  quantity  of  coal  consumed  in  calcining  the  limestone. 
This  will  amount  to  1.5  cwt.  per  ton  of  limestone,  or  1.7  cwt.  per  ton  of 
iron,  leaving  an  apparent  saving  of  .87  cwt  only ;  but  the  value  of  the 
large  coal  saved  from  the  blast  furnace  is  greatly  above  that  of  the  fuel 
used  in  the  kiln.  For  calcining,  slack  or  other  small  coal  may  be  employ- 
ed which  cannot  be  used  in  the  furnace,  and  which  would  otherwise  be 
comparatively  valueless. 

Baw  coal  will  reduce  and  smelt  a  geeater  weight  of  ironstone  than  the 
coke  from  such  coal.  At  one  period  of  the  manufacture  the  use  of  coke 
was  universal,  but  within  the  last  twenty-five  years  numerous  furnaces 
have  been  worked  on  raw  coal.  The  number  of  kinds  of  coal  which  may 
be  advantageously  used  in  the  existing  furnace  in  the  raw  state  is  not 
large ;  but  wherever  the  change  from  coke  to  raw  coal  has  been  made,  the 
results  are  greatly  in  favour  of  raw  coal.  The  advantage  is  most  apparent 
with  coals,  which  lose  considerably  in  weight  when  coked,  and  least  with 
those  approaching  to  the  character  of  anthracite.  The  best  of  the  furnace 
coals  raised  at  the  Dowlais  colliery  contain  87.3  per  cent,  of  carbon  and 
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2.1  of  ash.  These  coals  lost  in  coking  25  per  cent.,  thns  redncing  the  waght 
of  the  coke  below  the  contents  of  carbon.  A  portion  of  the  carbon  was 
consumed  in  the  process  of  coking,  and  was  consequently  unavailable  far 
smelting.  The  quantity  thus  consumed  is  represented  by  the  difference 
between  the  weight  of  the  carbon  and  ash  in  the  coal  and  that  of  the  coke 
obtained.  The  carbon  and  ash  in  the  Dowlais  coal  amounts  to  89.4  per 
cent. ;  the  coke  weighed  75  per  cent,  leaving  a  loss  of  14.4,  or  16  per  cent, 
nearly  of  carbon.  With  such  a  loss  of  carbon  attendant  on  the  use  of 
coke,  the  raw  coal  which  retains  its  carbon  undiminished  may  be  expected 
to  afford  a  greater  weight  of  iron,  and  in  practice  it  is  found  to  do  so. 
Prior  to  the  use  of  raw  coal  in  the  furnace  the  coal  used  for  coking  averag- 
ed 50  cwts.  to  the  ton  of  pig-iron,  but  since  the  abandonment  of  coking 
this  weight  of  iron  is  smelted  with  a  mean  consumption  of  45  cwts. 

In  Scotland  the  use  of  raw  coal  is  attended  with  a  still  greater  economy. 
The  furnace  coals  of  that  country  average  76.4  per  cent,  of  carbon  and  6 
per  cent,  of  ash ;  total  of  carbon  and  ash,  82.4.  They  lose  55  per  cent,  by 
weight  in  coking,  or  37.4  below  the  amount  of  carbon  and  ash.  Thia  loss 
of  37.4  parts  out  of  76.4  is  equal  to  a  diminution  of  50  per  cent,  on  the 
smelting  power  of  the  coal.  Assuming  that  the  quantity  of  carbon  in  38 
cwts.  of  raw  coal  is  required  to  reduce  1  ton  of  pig-iron,  it  will  take  76 
cwts.  of  such  coal  converted  into  coke  to  yield  the  same  quantity  of  car- 
bon. Indeed  in  the  earlier  period  of  the  manufacture  a  much  larger 
quantity  than  this  was  consumed  in  producing  a  ton  of  pig-iron. 

The  consumption  of  fuel  is  increased  whenever  the  working  of  the  fur- 
nace is  deranged  from  causes  connected  with  the  ironstone  flux  or  blast,  in 
a  similar  manner  and  to  the  same,  if  not  to  a  greats  extent  than  the  in- 
creased consumption  of  ironstone.  To  restore  the  furnace  to  a  healthy 
state  the  relative  quantity  of  fuel  to  ironstone  must  be  largely  increased, 
in  order  that  a  greater  temperature  may  be  attained  for  the  fusion  of  the 
refractory  masses  adhering  to  the  sides  of  the  hearth  and  around  the 
tuyeres.  The  amount  of  this  increase  varies  according  to  the  nature 
of  the  case,  from  45  cwts. — the  usual  yield  per  ton  of  iron — ^to  60  or  70 
cwts. 

We  have  stated  that  the  consumption  of  fuel  per  ton  of  pig-iron  is 
smallest  with  the  carbonaceous  ironstones,  but  if  their  richness  in  metal 
and  carbon,  and  great  fusibility  be  fully  considered,  the  consumption  of 
fuel  still  appears  excessive.  The  yield  averages  38  cwts.  of  a  coal  contain- 
ing 76  per  cent,  of  carbon,  or  3234  lbs.  of  carbon  for  each  ton  of  iron  ob- 
tained. To  this  must  be  added  the  carbon  mechanically  combined  with 
the  ironstone  in  the  proportion  of  80  parts  of  coal  to  28  parts  of  ironstone, 
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6q«al  to  3401  lbs.,  or  a  total  of  5638  lbs.  of  carbon  coiunooed  for  each  ton 
of  pig-iron.  The  average  consumption  with  the  argiUaceons  ore  is  4480 
lbs.,  or  11S8  IbB.  iesa  than  with  the  carbonaceous.  Judging  from  the 
greater  consumption  of  carbon  in  smelting  this  ore,  it  might  be  inferred 
that  the  metal  was  extracted  with  difficulty,  but  sudi  is  not  the  case.  It 
is  now  well  known  as  the  most  fusible  of  ironstones.  Yet  for  its  reducticm 
one-fourth  more  carbon  is  expended  than  is  found  necessary  with  other 
stones  melting  at  a  much  higher  temperature.  But  if  the  consumption  be 
estimated  on  the  quantity  of  materials  rendered  fluid — ^the  iron  and  cinders 
-<«the  excessive  quantity  of  carbon  used  in  smelting  the  carbonaceous 
ironstone  becomes  still  more  apparent.  For  each  ton  of  fluid  materials, 
with  argillaceous  ironstone,  1468  Ibs^  of  carbon  are  consumed ;  with  the 
more  fusible  carbonaceous  ironstone,  2785  Ibs^  or  nearly  twice  as  much. 
It  is  difficult  to  account  for  the  larger  consumption  of  carbon  in  smdting 
a  more  fusible  stone,  except  upon  the  supposition  that  corresponding  waste 
is  incurred  through  imp^ection  in  the  mode  of  working.  In  corrobora- 
tion of  this  view,  it  may  be  stated  that  the  ccmsumption  of  atmospheric 
air  is  less  in  proportion  to  the  consumption  of  carbon  than  with  other  fmv 
naces.  For  each  pound  of  carbon  consumed  in  smelting  the  argillaceous 
ironstone  168  cubic  feet  of  atmospheric  air  are  blown  into  the  furnace,  but 
for  each  pound  of  carbon  consumed  in  smelting  the  carbonaceous  ironstone 
of  Scotland,  scarcely  40  cubic  feet  of  atmospheric  air  enters  the  furnace-^ 
a  quantity  greatly  below  that  required  for  the  complete  combustion  of 
the  fuel. 

The  carbon,  mechanically  combined  with  the  ironstone,  is  partially 
consumed  in  the  operation  of  calcination.  This  loss,  however,  may  be 
avoided  by  using  kilns  instead  of  conducting  the  operation  in  the  open  air. 
With  properly  constructed  kilns  and  a  moderate  degree  of  attention,  the 
carbon  combined  with  the  ironstone,  may  be  made  to  suffice  for  the 
requirements  of  the  blast  furnace. 

The  consumption  of  fuel  is  reduced  when  a  hot  blast  is  substituted  for 
a  cold  one.  This  diminution  is  with  some  kinds  of  coal  considerable,  but 
with  others  it  is  trifling,  and  scarcely  compensates  for  the  greater  outlay 
of  capital.  In  Scotland  the  reduction  in  the  consumption  of  coal  in  the 
blast  furnace  when  smelting  carbonaceous  ironstone  amounts  to  from  8  to 
10  cwts.  of  coal  per  tcm  of  iron.  In  consequence  of  the  low  temperature 
at  which  the  carbonaceous  ironstone  melts — ^a  simple  wind-draught  fre- 
quently being  sufficient — the  increase  of  temperature  from  50*^  to  610® 
approaches  to  the  melting  point  of  the  materials,  and  the  carbon  previously 
consumed  in  the  stove  in  elevating  the  blast  to  this  temperature  may  be 


HQ  HANUFACTUBE   OP   IRON. 

withheld,  but  with  the  more  refractory  ironstones  the  reduction  is  not  so 
great.  The  elevation  of  the  temperature  of  the  blast  to  610°  bears  a  com- 
paratively small  proportion  to  the  intensity  required  in  the  blast  furnace, 
therefore  the  saving  obtained  by  heating  the  blast  is  proportionally  less. 
The  economy  arising  from  the  use  of  heated  air  in  the  furnaces  of  Wales 
amounts  to  from  4  to  5  cwts.  of  coal  per  ton  of  pig-iron. 

Against  the  saving  in  furnace  coal,  however,  there  must  be  placed  the 
coal  used  in  the  stoves  in  heating  the  blast.  The  quantity  usually  required 
for  this  purpose  averages  in  weight  one-half  of  the  amount  saved  in  the 
furnace,  but  the  coal  consumed  in  the  stoves  is  usually  of  a  very  inferior 
quality,  incapable  of  being  used  in  the  blast-furnace  for  smelting.  The 
saving  in  fuel,  therefore— the  relative  values  of  the  furnace  and  stove  coal 
being  considered — may  be  fairly  estimated  at  3  cwts.  in  Wales,  and  6  to  7 
cwts.  in  Scotland. 

In  1844  and  1845  seven  of  the  Dowlais  furnaces  were  blown  with 
heated  air,  and  the  other  eleven  with  cold.  The  average  yield  of  coal  at 
the  cold-blast  furnace  was  47.8  cwts.,  and  at  the  hot-blast  furnaces  44.4 
cwts.  The  coal  used  in  the  heating  stoves  of  the  hot-blast  furnace  averaged 
2|  cwts.  per  ton  of  iron. 

The  consumption  of  limestone  is  dependent  on  its  richness  in  lime,  and 
on  the  quality  and  quantity  of  the  earths  combined  with  the  ironstone. 
Other  things  being  equal,  the  consumption  of  limestone  will  vary  with  its 
richness  in  lime.  If  the  percentage  be  about  that  of  an  average  good 
limestone,  yielding  54  to  55  per  cent  of  lime,  the  quantity  for  argillaceous 
ironstones  yielding  48  per  cent,  of  metal  will  be  from  15  to  20  cwts.  per 
ton  of  ii*on.  If  the  limestone  yields  less  lime  or  contains  much  silica,  the 
consumption  may  be  roughly  estimated  by  adding  the  silica  in  the  flux  to 
that  combined  with  the  ironstone,  and  charging  a  sufficiency  of  limestone 
to  produce  the  lime  necessary  for  the  fusion  of  both. 

As  the  varieties  of  ironstone  smelted  in  this  country  ai'e  not  numerous, 
we  may  state  in  reference  to  them  that  the  consumption  of  lime  will  gen- 
erally be  directly  as  the  quantity  of  silica  and  inversely  as  the  quantity  of 
lime  in  their  composition.  One  of  the  seams  of  argillaceous  ironstone, 
extensively  mined  at  the  Dowlais  works,  yields  33.5  per  cent,  of  metallic 
iron,  and  contains  13.6  of  silica.  The  consumption  of  raw  ironstone  of 
this  richness  is  65  cwts.  per  ton,  and  of  limestone  17  cwts.  The  quantity 
of  silica  in  the  ironstone  and  limestone  by  calculation  amounts  to  9.2  cwts., 
and  the  lime  in  the  limestone  to  9.4  cwts.  In  this  instance  the  lime  is 
slightly  in  excess  of  the  silica.  We  purpose  showing  by  the  quantities 
consumed  with  different  ironstones  and  limestones  that  the  proportion  of 
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ftilica  in  the  ore  and  flux  may  be  safely  taken  as  a  correct  measure  of  the 
quantity  of  lime  necessary  to  be  added. 

The  argillaceous  ironstones  of  Scotland  contain  on  the  average  30  per 
cent,  of  metal  in  the  raw  stone,  and  11,3  per  cent,  of  silica.  When  smelted 
by  themselves  the  consumption  of  raw  ironstone  to  the  ton  of  pig-iron 
averages  78  cwts.,  yielding  8.82  cwts.  of  silica  and  8.1  cwts.  of  lime.  The 
consumption  of  limestone  is  12  cwts.  to  the  ton,  yielding  6.48  cwts.  of 
lime  and  .25  cwts.  of  silica.  Here  the  weight  of  the  silica  amounts  to  9.1 
and  the  lime  to  9.6 — a  difference  of  about  5  per  cent.  only. 

The  Scotch  carbonaceous  ironstone  yields  on  an  average  28  per  cent, 
of  metal.  The  consumption  of  raw  stone  averages  77  cwts.  per  ton, 
yielding  2.5  per  cent,  of  silica  and  1.5  per  cent  of  lime.  The  consumption 
of  limestone  with  this  ironstone  averages  5  cwts.,  yielding  54  per  cent,  of 
lime  and  3  per  cent,  of  silica.  With  these  quantities  we  ascertain  that 
the  silica  weighs  2.0  cwts.  and  the  lime  8.85  cwts.  Apparently  there  is  a 
large  excess  of  lime  over  the  silica,  but  the  excess  is  accounted  for  by  the 
ash  of  the  coal.  These  weigh  2.8  cwts.  per  ton,  and  are  principally  com- 
posed of  silica. 

The  calcined  ironstone  used  at  the  Alfreton  furnace,  Derbyshire,  yields, 
according  to  the  analyses  made  by  M.  Bunsen,  42  per  cent,  of  metal.  The 
consumption  per  ton  of  pig-iron  is  60  cwts.  of  calcined  ironstone,  containing 
25.7  per  cent,  of  silica  and  8.5  of  lime.  The  limestone  yields  54.4  per 
cent,  of  lime,  and  the  consumption  is  24.3  cwts.  per  ton.  On  these  quan- 
tities we  find  that  the  silica  amounts  to  15.4  cwts.,  and  the  lime  in  the 
limestone  and  ironstone  amounts  to  15.8  cwts. 

At  the  Abersychan  furnace,  for  the  production  of  a  forge  iron  with  grey 
cinder,  the  following  burden  is  used  :  Calcined  ironstone  4  cwts.,  contain- 
ing 16  per  cent,  of  silica ;  forge  cinder  5  cwts.,  containing  28  per  cent,  of 
ditto;  Northamptonshire  ore  5  cwts.,  averaging  12  per  cent,  of  silica; 
caustic  lime  8  cwts.  Hence  the  quantity  of  silica  in  the  iron-making  ma- 
terials is  2.64  cwts.  against  8  cwts.  of  lime. 

As  far,  then,  as  iron-smelting  in  Great  Britain  is  concerned,  the  fore- 
going examples,  together  with  the  constant  result  of  our  own  obser- 
vations, enable  us  to  state  with  confidence  that  if  the  quantity  of  silica 
entering  the  furnace  be  known,  an  approximation  may  be  made,  suflEiciently 
accurate  for  all  practical  purposes,  to  the  quantity  of  limestone  necessary 
for  fluxing.  We  have  applied  similar  calculations  to  furnaces  working  on 
mixed  ores  at  the  Dowlais  works,  and  have  invariably  found  that  where  a 
cinder  comparatively  free  from  iron  was  produced,  the  quantity  of  lime 
was  slightly  greater  than  the  silica,  but  in  no  instance  have  we  known  a 
furnace  to  work  well  when  the  consumption  of  lime  was  less. 
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^  The  exception  will  be  when  the  silica  bears  a  very  small  propartio]» 
to  the  qnantitj  of  alumina.  The  consumption  of  limestone  will  then  be 
greater  than  we  have  stated ;  but  we  may  remark  that  in  the  ironstones 
and  ores  smelted  in  this  country,  the  proportion  of  silica  toaUmiina  <ni 
the  average  is  fully  as  high  as  three  to  one*  It  is  on  tiie  quantity  of  silica, 
therefore^  that  we  have  to  calculate  the  flux. 

If  the  limestone  yields  a  low  percentage  of  lime,  the  censumption  is 
rapidly  augmented.  It  is  not  unusual  for  limestone  to  contain  6.  to  10  per 
cent,  of  silica,  and  in  some  instances  as  much  as  S6  per  cent,  ci  ibis  anb* 
stance  is  present.  The  purest  stones  contain  from  1  to  S  per  cent.  With 
the  knowledge,  then,  that  for  the  fusion  of  the  siUea  in  tiie  limestone,  a 
corresponding  weight  of  lime  is  needed,  we  see  the  importance  of  employ- 
ing a  limestone  as  free  as  possible  from  this  mineral.  If  silica  were 
present  in  the  flux  to  the  extent  of  8  per  cent,  instead  of  3^5,  the  yield  of 
lime  would  be  reduced  to  48,  out  of  which  8  parts  must  be  deducted  for 
fluxing  the  combined  silica,  leaving  40  parts  only  available  for  the  reduction 
of  the  ironstone,  instead  of  the  62.5  as  at  present.  Under  such  circum* 
stances  an  increase  of  5.5  per  cent,  of  silica  is  followed  by  a  diminution 
of  the  fluxing  powaii  of  the  limestone  of  18  per  cent* ;  and  instead  at  17 
cwts.  being  consumed  as  at  present,  the  excess  of  silica  would  require 
nearly  21  cwts. 

An  excess  of  limestone  over  the  quantity  required  for  fluxing  the  com^ 
bined  earths  is  injurious,  inasmuch  as  its  fusion  absorbs  a  portion  of  the 
heat  evolved  by  the  fuel,  and  to  this  extent  weakens  its  reducing  power. 
The  temperature  in  the  hearth  is  lowered,  and  the  separation  of  the  metal 
rendered  less  perfect.  If  the  lime  be  greatiy  in  excess,  and  the  con- 
sumption  of  coal  ia  augmented  in  proportion,  the  resulting  pig-iron  will 
bear  all  the  characteristics  of  having  been  smelted  from  calcareous  ores. 
The  red-short  peculiarity  will  be  strongly  developed,  and  the  strength  and 
general  quality  sensibly  deteriorated. 

The  consumption  of  blast  is  immediately  dependent  on  the  quantity  of 
fuel  used.  For  the  combustion  of  one  pound  of  carbon  81.5  cubic  feet  of 
oxygen  gas  is  chemically  required.  To  afford  this  gas  155  feet  of  atmos- 
pheric air  must  bo  consumed.  It  remains,  tiien,  to  ascertain  how  far  the 
quantities  of  blast  actually  blown  into  the  furnace  agree  with  the  theo- 
retical amounts. 

The  Dowlais  foundry  iron  furnace  consumes  732,886  cubic  feet  of  air 
for  the  combustion  of  the  4384  lbs.  of  carbon  suplied  by  the  fuel,  or  167 
cubic  feet  of  air  to  each  pound  of  carbon — an  excess  of  12  feet  over  the 
theoretical  quantity.    This  is  probably  as  near  to  the  actual  requirement 
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SB  can  be  obtained  in  practice,  taking  into  account  that  with  the  best  con- 
atmcted  blowing  apparatus,  leakage  and  loss  of  a  portion  of  the  blast 
must  occur. 

The  Staffordshire  foundry  iron  furnace  consumes  635,800  cubic  feet 
of  atmospheric  air  to  4480  lbs.  of  carbon,  equal  to  144  feet  per  pound  of 
carbon,  showing  a  deficiency  of  atmospheric  air  of  11  feet  as  compared 
with  the  theoretical  requirement. 

Hie  anthracite  furnaces  in  the  Swansea  Yalley  consume  806,400  cubic 
feet  of  air  to  4076  lbs.  of  carbon ;  or  195  cubic  feet  to  each  pound  of  car- 
bon—*an  excess  of  44  feet  over  the  theoretical  quantity.  The  great  differ^ 
euee  here  between  the  actual  and  theoretical  quantities  is  probably  owing 
in  some  measure  to  the  leakage  from  a  large  number  of  small  tuyeres, 
coupled  with  the  circumstance  that  the  pressure  is  considerably  higher 
than  at  other  furnaces. 

The  average  of  these  three  furnaces  is  168  cubic  feet  for  each  pound  of 
carbon — a  result  sufficiently  near  the  theoretical  quantity ;  and  it  is  not 
probable  that  perfect  combustion  of  the  carbon  of  the  fuel  is  attained  with 
a  smaller  consumption. 

Applying  similar  calculations  to  oth^  cases,  we  find  the  Xo.  1  cinder 
iron  furnace  at  the  Dowlais  works  consumes  599,200  cubic  feet  to  8659  lbs. 
of  carbon,  or  168  cubic  feet  to  each  pound. 

At  the  No.  2  cinder  iron  furnace  the  consumption  of  air  is  540,900 
cubic  feet  to  3466  lbs.  of  carbon,  or  156  feet  to  the  pound. 

At  the  No.  8  cinder  iron  furnace  (ballast  iron)  the  consumption  of  air 
is  599,200  cubic  feet  to  8659  lbs.  of  carbon,  equal  to  163  cubic  feet  to  the 
pound.  The  average  of  the  three  cinder  iron  furnaces  is  161  cubic  feet  to 
the  pound  of  carbon,  or  6  feet  above  the  theoretical  quantity  required. 

The  Scotch  blast  furnace  smelting  carbonaceous  ironstone  consumes 
222,600  cubic  feet  of  atmospheric  air  to  3284  lbs.  of  carbon  in  the  coal, 
equal  to  67  cubic  feet  per  pound,  or  88  cubic  feet  under  the  quantity 
theoretically  required  for  the  complete  combustion  of  the  carbon.  But 
this  disproportion  between  the  carbon  and  the  amount  of  blast  in  the 
Scotch  furnace  becomes  still  more  apparent  if  we  add  to  the  carbon  con- 
tained in  the  coal  the  quantity  mechanically  combined  with  the  ironstone 
— viz.  2404  lbs.,  making  a  total  of  6638  lbs.  This  gives  only  40  feet  of  air 
per  pound  of  carbon,  instead  of  153  feet — ^the  least  quantity  with  which, 
theoretically,  perfect  combustion  can  be  effected. 

Assuming  the  consumption  of  blast  at  the  Scotch  furnaces  to  be  suffi- 
cient for  fusing  the  ironstone  and  reducing  the  metal,  the  quantity  of 
carbon  which  can  combine  with  the  oxygen  of  the  air  is  limited  to  1436 
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lbs.,  or  a  little  more  than  half  of  that  exiBting  in  the  ironstone.  Tim 
quantity  of  carbon,  with  proper  arrangements,  would  maintain  an  equal, 
if  not  greater  heat,  for  the  reduction  of  the  metal  than  the  present  con- 
sumption. By  using  four  times  the  quantity  of  carbon  that  the  volume  of 
blast  thrown  in  can  possibly  consume,  the  heat  maintained  in  the  hearth 
is  kept  very  low,  compared  with  furnaces  having  a  full  blast,  and  shows 
in  the  most  decisive  manner,  the  fusible  nature  of  carbonaceous  ironstone. 
With  such  a  disproportion  between  the  carbon  and  the  blast  no  other  iron- 
stone  could  be  smelted.  In  the  Welsh  furnaces  using  argillaceous  irom* 
stone,  the  use  of  so  low  a  proportion  of  air  as  40,  or  even  60,  feet  to  the 
pound  of  carbon,  would  inevitably  result  in  such  an  immediate  I'eduction 
of  temperature  as  to  occasion  a  setting  together  of  the  materials  and  an 
entire  suspension  of  operations.  The  Scotch  ironmaster  is  saved  from  such 
a  catastrophe  solely  by  the  low  temperature  at  which  his  carbonaceous 
ironstone  melts."^ 

The  effects  upon  a  furnace  of  a  diminished  volume  of  blast  are,  waste 
of  fuel,  lowering  of  the  temperature,  and  the  production  of  a  metal  more 
or  less  debased  by  the  presence  of  impurities.  In  the  smelting — and,  in- 
deed, in  all  other  operations  connected  with  the  manufacture  of  iron  where 
heat  is  essential — a  high  temperature  and  active  combustion  conduce  to 
economy  both  of  time  and  material.  In  the  more  advanced  stages  of  the 
manufacture,  where  the  effects  of  variation  are  more  readily  observable,  a 
dull,  heavy  draught  results  in  loss  of  time,  a  rapid  waste  of  the  metal,  a 
large  consumption  of  coal,  and  the  production  of  an  inferior  bar.  Similar 
effects  cannot  fail  to  be  produced  in  the  operations  of  the  blast  furnace 
whenever  the  supply  of  atmospheric  air  is  inadequate  to  maintain  active 
combustion.  In  the  case  of  carbonaceous  ironstone  it  has  been  shown  that 
the  quantity  of  air  supplied  is  scarcely  more  than  one-fourth  of  that 
chemically  required,  and,  if  compared  with  the  actual  supply  at  other  fur- 
naces, the  deficiency  appears  greater  rather  than  otherwise. 

There  is  an  opinion  current  amongst  furnace  managers  that  any  excess 
of  coal  over  the  quantity  absolutely  required  for  smelting  is  so  much  waste, 
but  nothing  more.  There  is  ground,  however,  for  the  opinion  that  when 
an  increased  quantity  of  coal  is  used,  without  a  corresponding  increase  in 
the  amount  of  blast,  the  additional  fuel  is  decidedly  injurious  to  the  work- 
ing  of  the  furnace,  both  as  regards  the  quantity  and  quality  of  the  metal. 

For  the  complete  combustion  of  the  carbon  a  definite  quantity  of  oxy- 
gen is  required,  which  must  be  supplied  from  a  sufficient  volume  of  air. 

*  It  must  be  remembered  that  in  addition  to  the  oxygen  supplied  by  the  blast,  a  certain  amomit 
of  fuel  is  consumed  by  the  oxygen  in  the  ores  themselyes. 
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The  temperature  attained  will  depend  entirely  on  the  quantity  of  air  sup- 
plied in  a  given  time.  If  the  necessary  quantity  be  admitted  slowly,  the 
rate  of  combustion  will  be  slow  in  proportion,  and  a  minimum  temperature 
attained.  But  if  the  air  be  supplied  rapidly,  the  combustion  becomes 
active,  and  although  the  same  quantity  of  heat  is  evolved  from  similar 
quantities  of  carbon  and  oxygen,  as  with  a  slower  combustion,  yet  in  con- 
sequence of  its  evolution  occupying  a  shoiler  period,  the  temperature  at- 
tained is  proportionately  higher.  Every  increase  in  the  quantity  of  at- 
mospheric air  admitted  to  the  ignited  fuel  elevates  the  temperature  of  the 
products  of  combustion.  So  that  by  the  employment  of  suitable  mechani- 
cal means  for  the  introduction  of  sufficient  quantities  of  atmospheric  air, 
almost  any  desired  heat  may  be  maintained  in  the  interior  of  a  furnace. 

The  reverse  occurs  if  the  quantity  of  fuel  is  increased.  The  addition 
of  carbon  lowers  the  temperature.*  The  volume  of  air  admitted  is  insuffi- 
cient to  maintain  the  same  active  combustion  throughout  the  larger  quan- 
tity of  carbon.  An  increase  in  the  quantity  of  fuel  is  equivalent  to  a  re- 
duction in  the  volume  of  blast :  in  either  case  the  quantity  of  oxygen,  in 
proportion  to  carbon,  being  reduced,  the  combustion  is  slower,  and  the 
heat  maintained  less  intense.  Of  course,  just  so  much  as  the  additional 
fuel  lowers  the  temperature  of  the  furnace,  it  is  positively  injurious. 

Furnace  managers  generally,  however,  entertain  a  different  opinion 
respecting  the  effect  of  an  increased  quantity  of  fuel  in  the  furnace.  Ad- 
ditional fuel  is  supposed  to  maintain  a  greater  heat  and  produce  a  superior 
pig-iron.  With  this  impression,  whenever  the  quality  is  low,  or  the  fur- 
nace working  badly,  the  weight  of  fuel  is  considerably  increased — ^fre- 
quently so  much  so  that  the  evil  which  it  is  intended  to  remedy  is  aug- 
mented. In  corroboration  of  what  we  have  already  advanced  respecting 
the  necessity  of  proportioning  the  quantity  of  blast  to  the  carbon  in  the 
coal,  we  may  remark  that  in  derangements  of  the  blast  furnace,  followed 
by  a  maximum  yield  of  fuel,  a  minimum  make  occurs,  and  the  weekly 
consumption  of  carbon,  and,  consequently,  its  relation  to  the  volume  of 
blast,  is  but  slightly  altered.  In  a  case  where  the  weekly  make  declined 
from  98  to  74  tons,  the  yield  of  fuel  was  increased  from  39  to  54  cwts. ; 
but  the  week's  consumption  of  coal  increased  from  193  to  202  tons  only. 
In  another  month  the  weekly  make  declined  from  80  to  56  tons ;  the  yield 
of  coal  rose  from  39.5  to  55  cwts. ;  but  the  week's  consumption  of  coal 
diminished  with  the  higher  yield  from  158  to  154  tons.  And  in  the  fol- 
lowing month  the  make  declined  to  48  tons ;  the  yield  of  fuel  increased  to 
65  cwts. ;  but  the  weekly  consumption  of  coal — 156  tons — ^remained  nearly 

*  Owing  to  the  production  of  cariMoic  oxide. 
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ike  samo.  We  have  selected  these  as  extreme  cases  of  yariatioii  in  the 
yield  of  fuel  without  sensible  alterations  in  the  weekly  coi»umption ;  but 
lesser  departures  from  the  usual  yield  with  similar  results  are  of  daily 
occurrence. 

Through  these  reduced  makes  and  augmented  yields  of  fuel  the  yolume 
of  blast  remained  unaltered.  Carbon  was  freely  supplied ;  but  as  the 
other  element  necessary  to  generate  a  high  temperature  was  not  famished 
in  the  same  proportion,  the  benefits  which  might  have  been  produced 
were  lost,  and  results  the  opposite  of  these  sought  were  obtained. 

The  supply  of  blast  is  fixed ;  no  increase  in  the  volume  can  be  effected 
without  alterations  of  the  engine  or  boilers.  Since  an  increase  of  blast 
from  the  blowing-machine  is  not  readily  attainable,  if  even  it  were  con- 
sidered desirable,  attempts  are  made  to  remove  the  derangem^its  occur- 
ring in  the  furnace  by  the  simple  addition  of  fuel*  When  derangements 
occur,  and  additional  blast  is  not  obtainable,  no  alterations  should  be  made 
in  the  quantity  of  fuel ;  but  the  weight  of  ironstone,  or  other  ironmaking 
material,  should  immediately  be  reduced^  If  this  be  done,  the  greater 
heat  maintained  in  the  hearth  and  boshes,  through  the  absence  of  absorb- 
ing materials,  speedily  restores  the  furnace  to  a  healthy  condition. 

The  power  of  the  blowing-engine  at  ironworks  is  almost  without  excep- 
tion much  below  what  the  dimensions  of  the  present  blast  furnaces  require. 
A  large  surplus  ought  to  be  available  for  cases  of  emergency ;  but,  as  a 
rule,  the  engines  are  not  sufficiently  powerful  to  maintain  in  a  thoroughly 
efficient  manner  their  ordinary  duty — ^that  is  to  say,  they  are  incapable  of 
discharging  air  in  such  quantities  and  of  such  a  density  as  would  conduce 
to  the  greatest  economy  of  materials  and  a  maximum  make. 

The  blowing  machinery  at  the  Scotch  ironworks  is  manifestly  inca- 
pable of  supplying  the  air  necessary  for  the  perfect  combustion  of  the  fuel 
in  the  limited  time  permitted  by  the  descent  of  the  materials.  A  low 
temperature  consequently  prevails  in  the  hearth,  a  considerable  quantity 
of  the  carbon  of  the  fuel  is  wasted,  and,  as  a  necessary  result  of  the  im- 
mense consumption  of  fuel,  the  pig-iron  produced  is  surcharged  with 
carbon,  both  mechanically  mixed  and  chemically  combined,  by  which  its 
str^igth  is  diminished,  its  manufacture  into  bar-iron  rendered  more  difficult, 
and  the  finished  bar,  when  tested,  rend^ed  of  an  inferior  quality. 

Although  we  advocate  the  employment  of  ample  engine-power  and  a 
sufficient  blast  for  the  combustion  of  the  fuel,  we  are  very  far  from  agreeing 
with  the  opinion  entertained  by  some  ironmasters  that  with  a  blast 
incnreased  in  volume  and  density  a  diminution  in  the  yield  of  coal  may  be 
effected.    What  we  desire  to  impress. is  the  importance  of  proportioning 
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the  voltone  of  blast  to  the  oossmnptiou  of  fuel,  wherever  economy  in  ma- 
terials and  regularity  in  the  working  of  the  furnace  are  desired. 

A  Tolume  of  blast,  greatly  beyond  that  required  for  supplying  the 
requisite  oxygen  to  the  fuel,  can  only  be  attended  by  the  reverse  of  bene- 
ficial results.  What  air  is  not  decomposed  to  supply  oxygen  ascends  with 
the  gaseous  products  of  combustion,  and,  by  absorbing  heat,  reduces  the 
general  temperature  of  the  surrounding  materials.  An  excessive  supply, 
therefore,  may  produce  effects  scarcely  less  injurious  than  those  occasioned 
by  a  deficiency. 

The  quality  of  the  pig-iron  from  a  furnace  working  upon  the  same 
kind  of  ironstone  may  be  affected  by  various  causes,  but  the  most  common 
are  the  variable  qualities  of  ftxel  and  fiux,  variations  in  the  pressure  and 
volume  of  blast,  and. in  the  state  of  the  atmosphere.  The  quality  is  prob- 
ably more  dependent  on  the  fuel  than  on  the  other  materials.  K  the  coal 
or  coke  be  deficient  in  carbon,  and  contains  a  larger  proportion  of  earthy 
matters,  it  is  unfit  to  be  used  for  smelting.  The  best  grey  pig-metal  can- 
not profitably  be  manufactured  with  such  coal;  and  experience  has 
demonstrated  that  if  the  fuel  contain  a  notable  percentage  of  sulphur  it  is 
unfit  for  smelting  the  finer  qualities  of  metal.  If  such  eoal  be  coked  the 
sulphur  is  partially  expelled  during  the  process,  but  its  complete  volatili^ 
zation  requires  a  higher  temperature.  A  portion  is  consequently  present  in 
the  fuel  when  it  reaches  the  hearth,  and  there  combines  with  and  contami- 
nates the  metal,  diminishing  its  strength  and  other  valuable  properties. 

A  weak  coal,  if  used  in  the  blast  furnace  in  its  raw  state,  is  very  liable 
to  be  splintered  by  the  heat  of  the  ascending  gases  immediately  it  has 
entered  the  throat.  The  cohesion  of  its  particles  is  weakened,  and  ulti- 
mately destroyed  by  the  rapid  expansion  and  escape  of  its  volatile  eon-^ 
stituents.  Fragments  descend  with  the  materials,  filling  np  the  interstices 
and  obstructing  the  passage  of  the  ascending  column  of  gases  and  their  free 
action  on  the  ironstone,  imtil,  on  arriving  at  the  hearth,  they  drop  through 
the  melting  zone  and  below  the  direct  action  of  the  blast,  and  are  finally 
discharged  with  the  escaping  gas  under  the  tymp,  or  more  commonly 
cleaned  from  off  the  fiuid  cinder.  Under  these  circumstances,  the  metal 
being  deprived  of  the  beneficial  effects  of  a  considerable  portion  of  the 
fnel,  is  of  a  quality  below  that  due  to  the  quantity  or  composition  of  the 
fuel,  and  from  the  comparatively  low  heat  maintained  at  the  tuyeres  with 
such  fuel,  the  metal  does  not  freely  separate  from  the  cinder,  and  conse- 
quently is  charged  with  impurity. 

If  a  weak  coal  is  coked  before  entering  the  furnace,  its  injurious  effects 
on  the  quality  of  the  metal  are  equally  appar^it.    The  eoke  produced 
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being  of  a  light  epongj  hollow  nature,  offers  an  ezt^ided  surface  for  the 
action  of  the  blast,  an  intense  local  heat  is  generated,  and  the  fuel  is  con- 
sumed too  rapidly  for  its  due  action  on  the  ores  treated.  A  furnace 
working  with  such  coke  will,  as  a  general  rule,  produce  metal  of  a  low 
quality. 

If  the  coke  has  been  overdone  by  allowing  the  coking  process  to  pro* 
ceed  too  far,  a  portion  of  the  carbon  will  have  been  consumed ;  and  as 
the  proportion  of  fuel  is  generally  estimated  by  barrows  of  a  known 
capacity,  the  same  charge  of  overdone  coke  will  contain  more  ash  and  less 
carbon  than  if  properly  prepared.  Its  power  of  producing  metal  will, 
therefore,  be  diminished,  and  since  a  slight  reduction  in  the  quantity  of 
carbon  is  perceptible  in  the  quality  of  the  metal,  the  employment  of  such 
coke  invariably  results  in  an  immediate  deterioration  in  the  metal  pro- 
duced. 

Under  the  old  system  of  coking  in  the  open  air,  the  coke  produced 
was  seldom  overdone.  The  conversion  of  the  coal  into  coke  was  the  oper- 
ation of  several  days — ^generally  eight  or  ten — and,  being  open  to  inspec- 
tion, the  combustion  of  every  portion  of  the  heap  was  under  the  control 
of  the  workmen.  Lately,  however,  at  several  works  the  process  has  chiefly 
been  conducted  in  brick  ovens.  A  greater  yield  of  coke  is  supposed  to 
follow  the  use  of  this  method,  but  from  our  own  observation  we  do  not 
find  that  this  increase  of  yield  is  at  all  commensurate  with  the  defects  of 
the  coke  so  prepared.  The  operation  is  conducted  with  great  rapidity,  3 
or  4  tons  of  coal  being  charged  into  an  oven,  coked  and  withdrawn  every 
24  hours.  We  have  yet  to  learn  that  this  high-pressure  system  of  coking 
produces  a  fuel  capable  of  carrying  a  higher  or  even  as  high  a  burden  as 
that  prepared  upon  the  older  and  slower  plan.  It  is  certain  that  coke 
prepared  in  ovens  is  commonly  either  burnt  or  underdone,  and  wherever 
it  is  used  the  quality  of  the  metal  and  working  of  the  furnace  are  most 
variable.* 

Tlie  use  of  coal  partially  coked  deranges  the  working  of  the  furnace, 
and  has  an  injurious  effect  on  the  quality  of  the  metal.  This  deteriora- 
tion in  quality  will  be  greater  or  less  according  to  the  character  of  the 
coal.  If  it  be  of  a  highly  bituminous  description,  swelling  considerably  in 
coking,  the  deterioration  will  be  considerable ;  but  if  of  a  semi-bituminous 
character,  increasing  but  slightly  in  bulk,  the  bad  effect  will  not  be  so 
great.  The  cause  of  this  mischievous  effect  from  the  use  of  partially  coked 
coal  is  probably  that  the  hydrogen  and  other  volatile  substances  are  not 
completely  expelled  from  the  centre  of  the  individual  masses.     On  being 

*  The  best  ooke  at  the  present  time  remains  92  hours  in  the  OTen.—- Eds. 
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suddenly  thrown  into  the  hot  fnrnace  the  coking  process  recommences ; 
the  nncoked  coal  expands,  bursting  the  external  crust  of  coke  into  frag- 
ments, and  the  rapid  expulsion  of  its  volatile  constituents  so  weakens  the 
cohesion  of  its  particles  that  it  is  crushed  by  the  weight  of  superincumbent 
materials.  In  the  hearth  the  diist  and  broken  pieces  of  coke  are  incapable 
of  maintaining  a  sufficiently  high  temperature  for  the  production  of  grey 
metal,  the  usual  quality  under  such  circumstances  being  white  or  mottled. 

A  large  quantity  of  inferior  coke  is  also  prepared  from  the  small  of 
highly  bituminous  coal.  This  practice  is  of  very  recent  date.  If,  how- 
ever, the  coal,  before  it  has  had  time  to  lose  its  good  qualities  by  exposure 
to  atmospheric  influences,  is  carefully  coked  in  properly  arranged  ovens, 
very  excellent  fuel  may  be  produced.  But  if,  on  the  other  hand,  it  be 
allowed  to  remain  for  a  long  period  stored  in  large  heaps,  as  we  have  fre- 
quently observed  it,  the  coke  produced  is  of  a  very  inferior  quality.  This 
is  readily  accounted  for.  While  lying  in  heaps  the  coal  heats,  and  slow 
spontaneous  combustion  commences  setting  free  the  volatile  parts.  If  the 
heap  be  examined  afterwards,  or  while  this  is  going  forward,  the  coals  in 
the  centre  will  be  found  bearing  evident  signs  of  partial  charring,  having 
lost  their  bituminous  property,  and  presenting  appearances  similar  to 
those  of  underdone  coke.  This  heated  small  coal,  when  charged  into  the 
oven,  is  converted  into  a  hollow  spongy  coke,  of  so  weak  and  friable  a 
character  as  to  be  quite  unfit  for  the  blast  furnace.  K,  however,  it  be 
used  in  the  furnace,  it  is  crushed  and  partially  ground  to  dust  by  the 
descending  materials,  like  all  very  weak  coke  under  a  considerable  bur- 
den, and,  as  already  stated,  the  metal  suffers  both  in  the  quality  and 
quantity  produced* 

Coke  containing  a  large  quantity  of  water  is  at  all  times  injurious  to 
the  quality  of  the  metal.  Most  kinds  of  coke  will  absorb  water  to  the  ex- 
tent of  10  to  12  per  cent,  of  their  weight.  Under  the  old  system  of  burn- 
ing in  the  open  air  it  was  not  general  to  use  water  for  cooling  the  coke, 
^d  a  considerable  quantity,  therefore,  could  be  obtained  for  the  furnace 
comparatively  dry.  The  coke,  however,  was  often  saturated  from  ex- 
posure to  the  weather.  Where  the  operation  is  performed  in  ovens,  the 
common  practice  is  to  cool  the  coke  with  water  before  or  immediately 
after  drawing ;  a  quantity  of  water  consequently  becomes  fixed  in  the 
coke.  The  employment  of  water  doubly  impairs  the  power  of  the  coke. 
In  the  first  place  the  stream  thrown  on  the  red-hot  mass  causes  it  to  cool 
irregularly,  breaking  into  fragments  from  the  sudden  contraction,  and  a 
number  of  pieces  become  too  small  to  carry  a  proper  burden  of  ore.  The 
larger  pieces,  through  the  operation  of  the  iame  causes,  become  brittle  and 
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break  tip  when  heated  under  pressiire  in  ther  furnace,  and  can  onlj  eairy  a 
small  burden.  In  the  second  place,  the  water  absorbed  bj  the  odce  is  var 
porised  bj  the  heat  of  the  furnace.  This  is  att^ided  hj  a  direct  oonflump 
tion  of  fuel,  further  reducing  the  canying  power  of  the  coke.  But  the 
presence  of  water  in  the  furnace  in  any  shape  is  injurious,  and  when  in* 
troduced  along  with  the  materials  at  top,  it  lowers  the  temperature  in  the 
throat  and  body  of  the  fdmace*  A  reduction  of  temperature  in  these 
regions  is  equivalent  in  effect  to  a  reduction  in  the  height  of  the  fumace, 
and  causes  a  corresponding  diminution  in  its  smelting  power.  From  the 
inferior  temperature  prevailing,  the  upper  portions  of  the  furnace  are  rear 
dered  comparatively  ineffective  in  the  reduction.  The  production  of  cast 
iron  from  ironstones  of  the  argillaceous  class  requires  that  the  materials 
should  be  in  the  fumace  about  40  hours,  exposed  to  the  heat  and  gases 
generated  by  the  ascending  blast*  If,  then,  the  effective  working  height 
of  the  fumace  is  from  any  canse  diminished,  the  descending  materials 
will  be  in  the  effective  portions  of  the  fumace  a  shorter  period.  The  de- 
oxidation  and  cementation  commcaice  at  a  lower  level  than  usual,  and  is 
only  imperfectly  accomplished  when  the  materials  are  fused  in  the  hearth. 
The  metal  produced  will  be  of  an  inferior  quality,  and  usually,  under  such 
circumstances,  the  cinders  contain  a  coimiderable  percentage  of  metal. 

Coal  of  this  kind  expands  rapidly  under  the  action  of  the  heat,  and 
presses  with  the  other  materials  against  the  sides  of  the  furnace  with  such 
force  that  the  whole  mass,  cemented  together  by  the  partiy-melted  coal, 
Tcmains  immovable  sometimes  for  several  hours.  During  the  time  this 
obstruction  lasts  the  operation  of  filling  is  discontinued.  In  the  meantime 
the  descent  of  the  materials  below  the  obstruction  continues,  leaving  a 
vacancy  of  greater  or  less  depth,  according  to  the  time  and  rate  of  driving. 
The  suspended  materials  remain  fixed  in  this  position  until  their  cohesion 
is  destroyed  by  the  gradual  progress  of  combustion,  and  the  whole  mass 
suddenly  descends  several  feet  to  the  surface  of  the  other  charges. 

With  the  smelter  this  suspension  of  the  materials  is  termed  "  scaffold- 
ing," and  the  subsequent  sudden  descent  "jumping."  The  time  which 
the  materials  remain  fixed  is  measured  by  the  number  of  charges  which 
the  fumace  would  have  gone  during  the  period  that  the  filling  has  been 
suspended.  When  the  obstruction  is  removed,  the  fumace  is  said  to  jump 
so  many  charges.  Scaffolding  may  occur  from  other  causes,  but  we  have 
found  it  most  common  in  fumaces  using  bituminous  and  other  raw  coals. 

The  injurious  effect  of  "  scaffolding"  upon  the  metal  is  very  apparent. 
It  changes  in  a  few  hours  from  a  warm  free-running  grey  to  a  cold  thick 
white  metal  of  the  worst  quality.    This  may  be  readily  accounted  for. 
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A  cduuderalfle  portion  of  the  carboa  is  co&Bmned  dnriiig  the  retention  of 
the  materials,  and  the  value  of  the  fnel  is  to  that  extent  diminished. 
When  the  mass  falls  the  partially  consumed  coke  is  broken  up  into  smaU 
pieces,  so  that  its  power  is  again  diminished.  This  diminution  of  the 
power  of  the  coal  is  of  itself  sufficient  to  alter  the  quality  of  the  metal 
firom  grey  to  white^  but  this  is  not  the  only  mischievous  cause  at  work. 
To  produce  superior  metal  the  materials  must  be  in  the  furnace  the  whole 
time  requisite  for  their  complete  deozidation  and  cementation  before  re- 
duction. When  the  furnace  is  scaffolding,  the  materials  are  there  the 
xuraal  period,  it  is  true,  but  the  time  during  which  they  are  Biispended 
below  the  throat,  out  of  the  influence  of  proper  reducing  agents  is  so  much 
time  lost.  If  they  remain  for  10  or  12  hours — ^a  very  common  occurrence 
— ^the  time  for  deoxidation  and  cementation  will  be  reduced  to  this  extent. 
Therefore,  instead  of  remaining  under  the  regular  action  of  the  furnace  the 
time  necessary  for  the  production  of  good  grey  iron — say  about  46  hours 
— the  time  occupied  in  their  descent  is  S4  or  86  hours  only — a  period 
much  too  short  for  the  production  of  grey  metal  from  any  but  the  richest 
carbonaceous  ironstones. 

Such  obstructions  occasionally  occur  with  coal  containing  but  littie 
bituminous  matter.  But  as  nearly  every  kind  of  fossil  fuel  expands  when 
heated,  there  is  no  difficulty  in  accounting  for  scaffolds  and  their  injurious 
effects  on  the  metal,  upon  the  same  grounds.  If  a  high  temperature  is 
maintained  at  the  throat,  the  expansion  of  the  fuel  is  very  rapid,  but  if  the 
throat  be  cool  the  full  expansion  is  not  attained  till  the  materials  have 
descended  17  or  18  feet,  where,  from  the  increased  diameter  of  the  fur- 
nace, the  liability  to  form  scaffolds  is  greatly  diminished. 

The  total  increase  in  bulk  is  much  less  in  the  semi-bituminous  coals; 
and  as  the  rate  and  amount  of  increase  determines  the  risk  from  obstmo- 
tions,  coals  which  expand  but  slightly  in  coking  may  generally  be  used  in 
the  raw  state  with  satisfactory  results. 

One  prominent  disadvantage  attending  the  use  of  raw  coal  containing 
a  large  percentage  of  volatile  substances,  is  the  comparatively  low  tem- 
perature prevailing  in  the  upper  portions  of  the  furnace.  The  volumes  of 
gas  and  aqueous  vapour  distilled  from  the  fuel  combine  with  the  ascending 
volume  of  heated  gases,  reducing  their  temperature  and  that  of  the  adja- 
cent materials  to  a  degree  incompatible  with  the  perfect  deoxidation  and 
cementation  of  the  ore  before  reduction  in  the  hearth. 

The  use  of  small  coal  is  attended  with  an  immediate  deterioration  of 
tlie  quality  of  the  metal.  It  is  rarely,  however,  that  such  coal  is  intention- 
ally introduced  into  the  furnace;   all  the  fuel,  whether  coal,  coke,  or 
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charcoal,  is  filled  into  the  barrows  bj  ^'  pikes/'  formed  of  iron  bars  (PI. 
XXX.Y.J  Fig.  213),  having  sufficient  space  between  each  of  the  bars  for 
the  small  to  fall  through.  Eut  if  finely  broken  coal  or  coke  from  any 
cause  gains  admittance  in  considerable  quantity  as  part  of  the  fuel,  the 
injury  to  the  furnace  and  metal  may  be  very  great.  We  have  ascer- 
tained that  a  proportion  so  low  as  7  per  cent,  of  the  weight  of  the  fuel 
will  change  the  metal  from  dark  grey  to  mottled  and  white,  and  if  this 
proportion  be  exceeded  the  deterioration  becomes  still  greater.  That  this 
change  should  result  from  the  presence  of  so  low  a  percentage  of  small 
coal,  may  appear  surprising ;  but  it  must  be  remembered  that  for  the  pro- 
duction of  every  pound  of  dark  grey  iron  two  pounds  of  carbon  are  con- 
sumed, and  that  no  portion  of  this  is  supplied  by  the  small  coal ;  conse- 
quently, whatever  proportion  the  small  bears  to  the  large  coal,  by  so 
much  will  the  effective  power  of  the  fuel  be  diminished.  This  subject  has 
already  been  fully  discussed. 

Injurious  effects,  similar  to  those  which  result  from  using  coal  of  a 
weak  fusible  nature,  are  sometimes  caused  by  employing  coal  that  has 
been  exposed  to  the  atmosphere,  though  for  a  few  weeks  only.  Several 
of  the  most  valuable  Welsh  coals  deteriorate  in  quality  if  stocked  in 
heaps.  They  lose  a  great  portion  of  their  heating  power,  become  brittle, 
and  finally,  if  sufiored  to  remain  for  a  few  months,  disintegration  com- 
mences, and  the  whole  heap  crumbles  into  small  pieces.  The  effective 
power  remaining  in  these  coals  will  depend  on  the  length  of  time  they 
have  been  exposed  and  the  season  of  the  year.  Under  ordinary  circum- 
stances three  months'  exposure  will  reduce  their  carrying  power  one-third ; 
six  months,  more  than  one-half.  Coals  which  have  been  exposed  more 
than  six  months  cannot  be  used  in  the  blast  furnace  with  safety,  since 
under  the  action  of  heat  they  crumble  to  pieces. 

The  reduced  power  of  small  coal,  broken  coke,  or  other  fuel  in  small 
pieces,  when  compared  with  that  of  larger  coal,  although  already  treated 
of  at  some  length,  may  require  additional  explanation.  It  is  known  that 
a  given  quantity  of  large  fuel,  yielding  a  certain  portion  of  carbon,  will 
smelt  a  definite  quantity  of  metal,  but  with  the  same  fuel  broken  into 
small  pieces  good  metal  cannot  be  produced ;  and  if  broken  very  small 
the  effect  is  the  total  stoppage  of  smelting  operations.  The  quantities  of 
carbon  charged  into  the  furnace  are  the  same  in  each  case ;  but  the  re- 
sults are  widely  different.  We  are  of  opinion  that  this  arises  from  two 
causes. — Firstly.  On  account  of  the  small  dimensions  of  each  piece  the 
coal  is  partially  consumed  in  the  upper  regions  of  the  furnace,  and  that 
which  does  descend,  bums  too  rapidly  under  the  immediate  action  of  the 
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blast  for  the  requisite  quantity  of  carbon  to  combine  with  the  metaL — 
Secondly.  On  account  of  the  blast  acting  on  a  number  of  fragmentary 
pieces  of  fuel,  mingled  with  iron  ore  and  lime,  the  temperature  maLo- 
tained  is  too  low  for  perfect  deoxidation  and  the  complete  separation  of 
the  iron  from  the  cinders ;  the  result  is  the  production  of  an  inferior  white 
metal.  To  illustrate  the  subject  more  fully,  let  the  fuel,  originally  in 
lumps  of  82  lbs.  each  (the  average  weight  of  lumps  of  raw  coal  for  the 
furnace)  be  broken  into  eight  pieces,  averaging  4  lbs.  each,  the  cross 
dimensions  of  each  piece  will  be  one-half  of  those  of  the  original ;  but  the 
aggregate  surface  for  the  blast  to  act  on  will  be  doubled.  Kow  we  have 
ascertained  by  experiment  that  the  duration  of  the  fiiel  under  blast  of  a 
known  intensity  is  nearly  as  the  thickness,  and  inversely,  as  the  surface 
exposed  ;  therefore  the  duration  of  the  small  fuel  will  be  one-fourth  only 
of  the  larger.  The  fuel  being  consumed  so  rapidly,  the  metal  fails  to 
absorb  the  same  quantity  of  carbon  which  it  would  take  up  under  a 
slower  combustion.  Again,  the  coal  being  thus  split  up,  the  pieces 
occupy,  including  the  ironmaking  materials  in  their  interstices,  a  space 
nearly  four  times  the  area  of  the  original  piece.  Over  this  extended 
surface  the  blast  plays  on  the  divided  lumps  of  coal ;  but  the  heat  gen- 
erated under  these  circumstances  is  too  low  for  the  complete  reduction 
and  separation  of  the  metal. 

The  quality  of  the  metal  is  affected  both  by  the  nature  of  the  lime- 
stone used  as  flux,  and  by  the  way  it  is  filled  into  the  furnace.  Uncalcined 
limestone  is  generally  used  for  fluxing.  If  it  be  broken  small  before  it 
enters  the  furnace — say  into  pieces  of  not  more  than  one  pound  each — ^it 
works  well,  and  the  cinder  produced  along  with  good  grey  metal  will  be 
of  an  even  quality.  But  if  large  pieces  are  used — and  furnaces  may  be 
found  where  the  lumps  range  from  5  to  20  lbs.  each — the  effects  will  be 
discernible  in  the  inferiority  of  the  metal  and  in  the  altered  appearance  of 
the  cinder,  which,  in  contrast  to  its  former  smooth  flow  and  even  surface, 
will  now  contain  pieces  of  partially  fused  stone.  The  larger  the  pieces  of 
stone  charged,  the  more  apparent  will  be  the  alteration  in  the  general 
quality  of  the  metal  and  cinders.  On  the  other  hand,  the  smaller  the 
stones  the  more  easily  are  they  fused,  and  the  more  readily  will  they  unite 
with  the  earthy  matrix  of  the  ore,  and  thus  form  a  fluid  cinder  from 
which  the  metal  separates  without  difficulty.  When  larg^  stones  are  used 
the  heated  blast  fuses  the  exterior  only,  leaving  an  unmelted  core.  The 
fused  part  imites  with  the  other  earths  to  form  cinder,  but  while  this  is 
going  on  the  mass  is  descending,  and  ultimately  the  unfused  portions  float 
on  the  melted  materials  below  the  action  of  the  blast.    The  cinders  being 
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deprived  of  the  beneficial  effects  of  so  much  limestone  will  be  thick,  and 
as  the  metal  will  separate  but  imperfectly,  they  will  contain  a  larger 
portion  of  iron.  And  if  they  be  examined  when  cold,  they  will  be 
found  of  a  dark  colour,  and  spotted  with  lumps  of  partially  fdsed 
limestone. 

Apart  from  the  impossibility  of  rediiicing  large  lumps  of  limestone  in 
the  limited  time,  during  which  they  remain  exposed  to  the  intense  heat  in 
the  region  of  the  tuyeres  in  their  rapid  descent  in  the  hearth,  they  consid- 
erably lower  the  temperature  of  the  furnace. 

At  some  works  the  limestone  before  being  used  in  the  furnace  is  cal- 
cined in  kilns  similar  to  those  used  for  roasting  the  ore.  It  loses  about  40 
per  cent,  of  its  weight  of  carbonic  acid  and  water.  By  so  much,  of  course, 
the  weight  of  calcined  stone  for  fluxing  may  be  reduced  below  that  of  raw 
Ihnestone.  The  beneficial  effects  of  burnt  limestone  are  considerable.  One 
of  much  importance  being,  that  the  temperature  at  top  is  not  so  diminished 
as  with  raw  stone ;  to  this  circumstance  no  doubt  it  is  owing  that  a  given 
weight  of  fuel  will  produce  a  greater  weight  of  iron  with  burnt  than  with 
raw  limestone.  Yet  with  this  marked  advantage  burnt  lime  is  not  exten- 
sively used  as  a  flux.  The  reason  probably  being,  the  readiness  with 
which  it  absorbs  moisture  from  the  atmosphere.  If  care  is  not  taken  to 
have  it  conveyed  promptly  from  the  kiln  to  the  furnace  the  quantity  of 
water  absorbed  will  be  greater  than  that  contained  in  the  raw  stone,  and 
all  the  benefit  of  calcination  be  thus  lost. 

In  selecting  a  stone  for  flux,  its  comparative  freedom  from  clay,  silica, 
and  other  earths,  should  guide  the  judgment.  The  presence  of  small  quan- 
tities of  clay  and  silica  is  not  injurious  to  the  quality  of  the  metal,  but  as 
these  earths  generally  exist  in  sufficient  abundance  in  the  ironstone,  it  is 
desirable  to  have  a  flux  as  free  from  them  as  possible. 

The  effects  produced  on  the  quality  of  the  metal  by  the  changes  in  the 
atmosphere,  are  both  serious  and  constantly  recurring.  It  is  known  that 
the  metal  produced  in  winter  and  spring  is,  on  the  whole,  superior  to  that 
produced  in  summer  and  autumn,  and  that  the  difference  of  quality  is  due 
to  the  condition  of  the  atmosphere  in  these  seasons ;  the  immediate  cause, 
however,  is  not  so  well  understood. 

We  have  already  stated  that  the  introduction  of  water  into  blast  fur- 
naces is  attended  with  the  most  prejudicial  effects.  At  certain  seasons  of 
the  year  the  atmosphere  contains  a  considerable  quantity  of  water,  which 
is  forced  into  the  furnace  through  the  tuyeres  along  with  the  blast;  at 
other  periods  the  materials  collected  for  smelting  are  saturated  with  rain 
falling  on  them,  and  water  is  thus  also  conveyed  into  the  furnace,  but 
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throiigh  the  throat,  00  that  at  certain  times  water  is  discharged  into  the 
famace  at  top  with  the  materials,  and  at  bottom  with  the  blast. 

The  quantity  of  water  conveyed  into  the  furnace  along  with  the  mate- 
rials  at  top,  will  depend  on  the  fuel,  burden,  and  other  circumstances.  If 
the  famace  is  working  on  argillaceous  ironstone,  coke,  and  limestone,  and 
working  120  tons  per  week,  the  weekly  consumption  of  materials  will  be 
about  288  tons  of  calcined  ironstone,  204  tons  of  coke,  and  102  tons  of 
limestone.  If  the  coke  is  made  in  ovens  and  quenched  with  water,  it  will 
contain  on  an  average  12  per  cent,  of  water,  amounting  on  204  tons  of 
coke  to  24^  tons.  The  quantity  absorbed  by  the  calcined  ironstone  will 
vary  with  the  state  of  the  atmosphere  and  method  of  calcining,  the  stone 
calcined  in  the  open  air  absorbing  more  than  the  stone  calcined  in  kilns, 
but  it  may  be  estimated  at  8  per  cent.,  or  on  288  tons  of  ironstone  28  tons 
of  water.  The  limestone  will  contain  about  20  per  cent,  of  water,  or  in 
102  tons  of  stone  20 J  tons  of  water.  Hence  the  quantity  of  water  dis- 
charged weekly  into  a  furnace  with  the  materials  at  top,  may,  and  often 
does,  exceed  68  tons,  or  11  cwts.  of  water  for  each  ton  of  pig-metal  pro- 
duced. The  atmosphere  has  little  influence  upon  the  water  absorbed  by 
coke  in  being  cooled,  and  that  in  limestone  used  raw,  but  the  water  in  the 
calcined  ironstone  is  altogether  due  to  absorption  from  the  atmosphere, 
and  in  numerous  instances  the  water  carried  by  the  coke  has  been  obtained 
from  the  same  source.  The  quantity  of  water  introduced  with  the  mate- 
rials at  top  may  be  diminished  or  increased  by  alterations  in  the  ore,  fuel, 
and  flux.  Kaw  coal  absorbs  and  conveys  into  the  furnace  less  water  than 
coke.  From  burnt  lime  the  water  has  been  expelled,  and  if  used  imme- 
diately the  quantity  of  moisture  absorbed  will  be  inconsiderable ;  but  if  it 
be  exposed  to  the  air  for  a  short  time,  it  will  absorb  more  water  than  the 
original  stone.  Quantities  of  iron  ores  are  smelted  containing  even  more 
water  than  that  which  we  have  stated. 

The  quantity  of  water  discharged  into  the  furnace  through  the  tuyere, 
llUl  depend  on  the  consumption  of  blast  and  quantity  of  moisture  in  the 
atmosphere.  For  dark  grey  pig-iron  the  consumption  is  25  tons  of  air  per 
ton  of  metal  made.  Estimating,  then,  that  the  make  is  120  tons  weekly, 
the  consumption  of  blast  will  be  3000  tons.  Now,  according  to  the  most 
trustworthy  authorities  on  the  composition  of  atmospheric  air,  it  appears 
that  in  ordinarily  dry  weather  it  contains  1.42  per  cent,  of  moisture.  At 
this  rate,  then,  the  water  in  8000  tons  of  air  will  amount  to  nearly  43  tons. 
This,  however,  refers  to  comparatively  dry  air.  The  generally  moist 
atmosphere  of  this  country  contains  at  periods  full  twice  this  percentage 
of  water;  on  such  occasion,  the  volume  of  water  discharged  into  the 
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famace  along  with  the  blast  will  not  fall  far  short  of  100  tons  weekly, 
or  from  50  to  60  tons  above  the  quantity  discharged  into  it  in  favourable 
seasons. 

If  to  the  quantity  discharged  into  the  furnace  along  with  the  blast 
there  be  added  the  quantity  entering  with  the  materials  at  top,  it  will  be 
seen  that  there  are  periods  when,  from  a  superabundance  of  moisture  in 
the  atmosphere,  the  enormous  quantity  of  160  tons  of  water  is  discharged 
weekly  into  a  blast  furnace,  making  120  tons  of  metal,  and  that  under 
ordinary  circumstances  the  quantity  entering  is  equal  in  weight  to  the 
make  of  iron.  The  deteriorating  effects  which  such  volumes  of  water 
produce  in  the  quality  of  the  metal  are  very  apparent.  With  a  dry  east- 
erly wind,  the  quality  and  make  will  be  greatly  superior  to  that  obtained 
when  the  wind  is  from  any  other  point  of  the  compass.  A  sudden  shift 
from  east  to  south-west  occasions  a  deterioration  in  quality  from  dark  to 
bright  grey,  and  if  the  alteration  continues,  from  grey  to  mottled  and 
white.  Thus  the  importance  of  a  dry  atmosphere  for  blast  furnace  oper- 
ations can  scarcely  be  overrated. 

Some  years  ago  hydrostatic  regulators  for  equalising  the  pressure  of 
the  blast  were  common  at  the  ironworks  of  this  country.  Their  construc- 
tion evinced  much  ingenuity,  and  was  necessarily  attended  with  great 
expense.  The  effect  produced  by  them  on  the  metal  was  remarkable. 
By  closely  observing  the  blast  from  a  water  regulator  in  comparison  with 
that  from  an  engine  blowing  directly  into  the  furnace,  the  fact  became 
known  that  a  quantity  of  water  was  absorbed  by  the  blast  and  carried 
into  the  furnace,  whenever  the  water  regulator  was  used.  The  effects 
produced  by  this  water  was  a  diminished  make,  an  inferior  yield  of  ma- 
terials, and  the  production  of  a  thick,  sluggish,  white  pig-iron.  We  have 
no  means  of  ascertaining  the  quantity  of  water  absorbed  by  the  blast  in 
its  passage,  but  looking  at  the  fact  that  the  sectional  area  of  the  air- 
chamber  in  the  hydrostatic  regulator  was  about  twice  the  area  of  that  of 
the  blowing  cylinder,  the  velocity  of  the  air  current  would  be  about  Xi 
feet  per  second,  and  as  only  a  very  small  portion  of  the  air  was  in  actual 
contact  with  the  water,  the  quantity  absorbed  must  have  been  small 
And  yet,  inconsiderable  as  it  may  have  been  in  itself  when  added  to  that 
already  present  in  the  atmosphere,  it  would  be  sufScient  to  produce  the 
most  prejudicial  effects  on  the  quality  of  the  metal  and  the  working  of  the 
furnace. 

BATE  OF  PBODUCnON. 

The  yield  of  cast-iron  from  blast-furnaces  of  a  given  capacity,  and 
blown  with  a  fixed  volume  of  blast,  will  be  affected  chiefly  by  the  rich- 
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ness  of  the  ore  and  the  quality  of  the  fuel,  and,  to  a  minor  extent,  by  that 
of  the  flux.  The  smelting  powers  of  the  furnace  are  limited  to  the  pro- 
duction of  a  definite  quantity  of  materials  in  a  stated  time.  With  iron- 
stones of  the  argillaceous  class  the  extreme  production  of  fluid,  cinder,  and 
iron  at  the  bottom  is  at  the  rate  of  25  cwts.  per  week  for  each  yard 
capacity.  This  rate  cannot  be  exceeded  without  deteriorating  the  quality 
of  the  metal.  But  with  a  richer  stone  the  production  of  metdl  may  be 
augmented,  the  produce  of  cinder  remaining  nearly  constant.  If  a 
calcined  ironstone,  yielding  38  per  cent,  of  metal,  be  employed,  3  tons  will 
be  required  to  produce  1  ton  of  metal ;  but  if  one  containing  46  per  cent, 
be  employed,  48  cwts.  will  be  suflScient. 

The  time  required  for  deoxidation  and  cementation  is  about  46  hours, 
and  if  the  furnace  smelts  the  lean  ores  at  the  rate  of  25  cwts.  of  iron  and 
cinders  per  yard  capacity,  it  will  also  smelt  this  quantity  with  the  richer 
ores.  But  the  proportion  of  metal  to  cinders,  which  with  the  lean  ores 
would  be  as  7  to  18,  becomes  as  8  to  17  with  the  richer  stones.  Hie  make 
of  metal  is  consequently  augmented  in  this  ratio. 

There  is,  however,  a  limit  to  this  increase  of  production  by  the  use  of 
rich  ores.  The  materials  must  be  in  the  furnace  the  stated  time,  and  the 
gross  weight  of  the  liquid  products  not  exceed  25  cwts.  If  very  rich  ores 
are  employed,  additional  clay  and  lime  become  necessary  as  flux,  and, 
consequently,  an  increased  consumption  of  fuel ;  so  that  the  proportion  of 
metal  to  cinder  is  not  sensibly  affected,  and  the  rate  of  production  is  not 
increased.  Also  if  the  stones  are  very  lean,  the  large  quantity  of  lime 
necessary  to  flux  the  earths,  combined  with  the  metal^  causes  the  propor- 
tion of  iron  to  cinder  to  be  diminished.  If  the  3deld  of  the  calcined  stone 
is  only  27  per  cent.,  4  tons  will  be  required  for  1  ton  of  metal,  and  the 
proportion  which  this  metal  will  bear  to  the  cinder  will  be  nearly  as  6  to 
19.    The  make  consequently  will  be  reduced  in  this  ratio. 

If  the  capacity  of  the  furnace  be  equal  to  160  cubic  yards,  with  the 
stone  yielding  46  per  cent.,  it  will  produce  on  an  average  64  tons ;  with 
the  stone  yielding  38  per  cent.,  56  tons ;  and  with  that  yielding  27  per 
cent.,  the  average  will  be  48  tons  per  week. 

An  exception  must  be  made  in  the  case  of  the  carbonaceous  ironstone 
so  much  used  in  Scotland.  This  stone  yields,  after  calcination,  from  44 
to  64  per  cent,  of  metal ;  the  average  is  nearly  60  per  cent.  The  matter, 
in  combination  with  the  metal — about  40  per  cent,  of  the  whole  weight 
— consists  of  carbon,  alumina,  silica,  and  lime.  This  last  is  generally 
about  5  per  cent,  of  the  weight.  In  consequence  of  the  presence  of  this 
lime  and  the  small  percentage  of  earths,  the  additional  quantity  of  lime 
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required  for  flux  is  usually  less  than  6  cwts.  The  carbon  is  consumed 
before  the  blast,  and  the  earthy  matrix  of  the  stone,  combining  with  the 
Ume,  forms  cinder,  but  in  comparatively  small  quantities.  With  argilla- 
ceous ironstones  the  weight  of  the  cinder  will  never  be  less  than  twice 
that  of  the  metal ;  *but  with  carbonaceous  ore,  from  the  peculiar  manner 
in  which  the  carbon  is  combined  with  the  metal,  grey-iron  is  produced 
with  not  more  than  an  equal  weight  of  cinder.  And  instead  of  a  gross 
fluid  product,  25  cwts.  per  cubic  yard  of  furnace  capacity,  34  cwts.  is 
obtained.  The  greater  facility  with  which  pig-iron  can  be  produced  from 
the  carbonaceous  ironstone  is  made  still  more  apparent  on  comparing  the 
quantities  of  blast  consumed  per  ton  of  pig-iron.  This,  with  argillaceous 
ironstone,  averages  25  tons,  but  with  carbonaceous  ironstone  8  tons  suffice. 
If  we  carry  the  comparison  to  the  total  fluid  products,  we  find  that  on  an 
average  1  ton  of  metal  and  cinder  is  produced  with  carbonaceous  iron- 
stone with  4  tons  of  air  for  each  ton ;  with  argillaceous  ironstone  8  tcms 
are  required. 

The  rate  of  production  is  affected  by  the  qualities  of  the  fuel.  A  hard 
dense  semi-bituminous  coal,  containing  a  large  percentage  of  carbon,  and 
yielding  little  ashes,  will  reduce  the  greatest  quantity  of  metal.  Coke 
prepared  from  a  coal  too  bituminous  for  use  in  the  raw  state  will  reduce 
metal  in  proportion  to  its  density  and  the  carbon  it  contains.  With  a 
weak  friable  coal,  or  the  coke  prepared  from  such  coal,  the  production  is 
lowest.  Since  the  height  of  the  blast  furnace  has  been  increased  to  40 
and  45  feet,  a  blast  of  2^  to  3  lbs.  to  the  square  inch  has  become  general. 
But  with  weak  coals  this  pressure  of  blast  is  attended  with  an  increased 
consumption  of  fuel,  if  the  make  and  quality  of  the  metal  are  to  be  at  all 
maintained. 

The  make  will  be  less  with  coke  prepared  from  a  given  coal  than  with 
the  raw  coal  itself — ^with  such  coals  as  expand  in  coking.  The  coke,  con- 
sisting chiefly  of  carbon  combined  with  the  earthy  matters  of  the  coal,  is 
qualified  for  the  immediate  action  of  the  blast,  and  undergoes  little  altera- 
tion in  its  descent  to  tihe  hearth ;  but,  bulk  for  bulk,  the  coke  does  not 
contain  so  much  carbon  as  coal.  Consequently,  as  it  occupies  a  greater 
space,  the  quantity  of  other  materials  in  the  furnace  at  the  same  time  is 
diminished.  And  since  the  time  of  descent  cannot  be  reduced  without 
deteriorating  the  quality,  the  quantity  of  stone  smelted  and  the  produce 
of  metal  are  diminished. 

With  anthracite  coal  the  greatest  make  is  effected,  the  relative  di- 
mensions of  the  furnaces  being  considered.  And  since  this  coal  contains 
the  largest  percentage  of  carbon  of  any  hitherto  discovered,  and  alters 
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but  digfatljr  in  descending  through  the  furnace,  it  appears  eminently 
adapted,  in  conjunction  with  a  powerful  blast,  for  smelting  the  finer 
qualities  of  metal. 

The  quality  of  the  limestone  used  as  a  flux  will  affect  the  make  of  the  fur- 
nace. If  it  contains  a  notable  percentage  of  alumina  and  silica  its  practi- 
cal value  is  diminished  by  nearly  twice  the  amount  of  these  earths.  Their 
presence  in  quantity  involves  disadvantages  equivalent  to  those  attendant 
on  the  use  of  a  lean  ore.  The  alumina  and  silica  combined  with  the  lime- 
stone requiring  fuel  and  lime  for  their  fusion  just  as  though  they  were 
combined  with  the  ore.  These  additional  materials  occupy  space  in  the 
furnace  without  contributing  to  the  produce  of  metal,  and  of  course 
exclude  a  proportionate  quantity  of  ironstone.  The  quantity  of  cinders, 
in  proportion  to  that  of  the  metal,  will  be  increased  by  the  quantity  of 
earths  in  the  limestone  and  the  lime  necessary  for  their  fusion.  The 
make,  therefore,  will  be  diminished  by  the  lower  yield  of  iron  from  the 
liquid  materials  at  the  hearth. 

The  smaller  space  occupied  by  caustic  lime,  together  with  its  com- 
parative lightness  and  freedom  from  moisture,  favours  a  large  production 
from  the  furnace.  Where  it  is  used  an  increase  of  3  to  4  per  cent,  is 
observable  in  the  make.  This  is  accounted  for  by  the  reduced  consump- 
tion of  fuel  in  smelting,  and  the  smaller  space  occupied  by  the  flux, 
enabling  the  furnace  to  drive  more  charges  in  a  given  time. 

The  make  of  the  blast  furnace  varies  vidth  the  season  of  the  year,  as 
the  reader  will  doubtless  be  led  to  conclude,  from  our  remarks  upon  the 
effect  of  the  hygrometric  state  of  the  atmosphere  upon  the  quality  of  metal 
and  yield  of  fuel.  It  is  well  known  to  smelters  that  with  materials  of 
similar  quality,  and  volume  of  blast  unaltered,  the  make  of  the  furnace  is 
greater  in  the  winter  months  than  at  any  other  season.  Until  within  the 
last  few  years  this  was  attributed  to  the  coldness  of  the  air ;  and  on  the 
introduction  of  the  invention  of  the  hot  blast  to  the  manufacturers  of  iron 
this  superiority  of  cold  winter  air  over  warm  summer  air  was  adduced  as 
a  reason  against  the  use  of  the  heated  blast.  The  greater  efSciency  of  the 
colder  air  was  considered  by  some  writers  to  arise  from  its  increased 
density,  which  augments,  in  proportion  to  the  decrease  of  temperature,  a 
given  volume  of  air  containing  more  oxygen  in  winter  than  in  summer. 
The  cause  of  this  superior  make  in  winter  is  now,  however,  generally 
ascribed  to  what  is  doubtless  its  real  cause — ^the  greater  dryness  of  the 
atmosphere  in  winter  as  compared  with  summer. 

Taking  for  our  data  the  make  of  the  18  blast  furnaces  at  the  Dowlais 
works  daring  a  period  of  seven  years,  we  find  that  the  actual  increase  of 
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make  in  winter  over  that  of  summer — premising  that  the  fiimace  is  work- 
ing on  a  similar  bnrden — ^is  between  4  and  5  per  cent. ;  and  with  this 
increase  there  is  also  a  marked  improvement  in  the  quality  of  the  iron 
obtained.  If  we  consider  the  state  of  the  atmosphere  in  this  country  in 
summer,  we  shall  arrive  at  the  conclusion  that  its  dryness  or  dampness  is 
amply  sufficient  to  cause  these  alterations  in  the  operations  of  the  blast 
fdmaee. 


SECTION  vn. 


DENSITT    OF  BLAST. 


Tas  pressure  or  density  of  the  blast  is  a  matter  of  considerable  import* 
ance  in  smelting.  The  considerations  that  determine  it  are  the  height  of 
the  famace,  size  of  the  hearth,  and  quality  of  the  fuel. 

In  the  infancy  of  the  iron  manufacture,  through  the  then  low  state  of 
the  mechanical  arts,  the  blowing  machines  employed  were  very  deficient 
in  the  power  necessary  for  compressing  the  air.  The  volume  of  the  blast 
was  small  and  the  pressure  low,  and  the  furnaces,  being  of  correspondingly 
small  capacity,  the  produce  of  metal  was  on  the  same  limited  scale.  But 
with  the  progress  of  improvement  in  the  manufacture  of  machinery  blow- 
ing machines  were  constructed  of  greater  power  and  capacity,  so  that 
larger  volumes  of  blast  at  a  higher  pressure  were  obtainable,  and,  with 
additional  blowing  power,  the  capacity  and  height  of  the  furnace  was 
increased  and  the  produce  of  metal  augmented  proportionately. 

The  degree  of  compression  of  the  blast  depends  upon  the  height  of  the 
furnace,  because  the  weight  of  the  column  of  materials  affects  the  density 
of  the  stratum  of  fuel  under  combustion.  However,  the  blast  furnaces  of 
the  present  day  are  nearly  uniform  in  height,  a  deviation  of  more  than  5 
feet  from  the  average  being  rare.  The  variation,  therefore,  in  the  pressure 
of  the  superincumbent  materials  on  the  fuel,  arising  from  the  greater  or 
less  height  of  the  colunm  in  different  furnaces,  is  not  great.  So  that  in 
proportioning  the  density  and  volume  of  blast,  we  need  only  consider  the 
internal  dimensions  of  the  furnace  and  quality  of  the  fuel. 

In  the  present  state  of  the  manfacture  2  lbs.  to  the  square  inch  is  a 
minimum  degree  of  compression.  A  few  years  since  a  blast  of  a  lower 
pressure  was  tried  at  the  Wingerworth  famaces,  but  after  great  expense 
was  incurred  and  waste  of  materials  caused,  it  was  abandoned,  and  a  blast 
of  2i  to  2^  lbs.  to  the  square  inch  substituted.  More  recently  we  have 
ourselves  witnessed  the  injurious  effects  of  a  weak  scattered  blast  upon  the 
make  and  quality  of  pig-iron. 
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The  TYiftTimnTn  denfiity  of  blast  is  dependent  to  a  certain  extent  on  the 
fuel ;  if  the  coal  is  of  a  hard  compact  quality,  containing  a  large  per- 
centage of  carbon,  a  pressure  of  4  to  5  lbs.  to  the  square  inch  may  be 
advantageously  adopted.  With  a  weak  friable  coal,  containing  less  carbon, 
fh)m  2  to  3  lbs.  is  very  commonly  used.  The  compact  coke  of  a  highly 
bituminous  coal  supports  a  blast  of  2|  to  8|  lbs.  to  the  square  inch. 

As  a  general  rule,  and  one  to  which  we  have  seen  no  exceptions,  the 
density  of  blast  applicable  to  any  given  coal — other  thiags  being  equal — 
is  proportionate  to  the  density  of  the  coke  produced  from  such  coal. 
Hence  the  hardest  and  heaviest  coke  will  carry  the  strongest  blast,  and 
vice  versa. 

Generally  speaking,  the  increase  in  the  density  of  the.  blast  has  not 
kept  pace  with  the  enlarged  dimensions  of  the  furnace,  and  yet  they  are 
intimately  related  to  each  other.  The  density  must  be  sufficiently  great 
that  the  requisite  quantity  of  air  shall  penetrate  through  the  materials  to 
the  opposite  side  of  the  hearth,  so  as  to  maintain  active  combustion  in  the 
descending  fuel  situated  farthest  off  from  the  tuyere.  The  broader  the 
hearth  of  the  furnace  the  more  numerons  will  be  the  obstructions  to  the 
passage  of  air  across  it.  Any  increase,  then,  in  breadth  should  be  met  by 
a  corresponding  increase  in  the  density  of  the  blast.  Thp  degree  of  com- 
pression is  undoubtedly  higher  now  than  formerly;  but  it  is  not  yet 
sufficient  for  the  large  hearths  at  present  constructed. 

In  the  old  blast  furnaces  the  breadth  of  the  hearth  seldom  exceeded  3 
feet,  and  the  blast  had  only  to  penetrate  through  a  mass  of  that  thickness. 
The  density  was  usually  1^  to  2  lbs.  to  the  square  inch.  If  the  obstruc- 
tions offered  by  this  thickness  of  material  required  a  bFast  of  such  a  density 
for  the  effectual  reduction  of  the  metal  it  is  very  evident  that  a  greater 
width  of  hearth  requires  an  increased  density  in  nearly  the  same  propor- 
tion. If  to  penetrate  3  feet  requires  a  mean  pressure  of  If  lbs.  to  the 
square  inch,  to  penetrate  twice  this  distance  would  require  a  proportion- 
ately greater  pressure.  Assuming  that  a  pressure  of  If  lbs.  was  suitable 
for  3  feet  healths,  an  approximation  may  be  made  to  the  pressure  required 
for  any  other  width.  The  proportion  may  bo  taken  equal  to  6-lOths  of  a 
pound  for  each  foot  in  width.  Hearths  are  now  constructed  up  to  8  feet 
in  breadth,  and  upon  this  proportion  the  pressure  of  blast  for  such  should 
be  4f  lbs.  to  the  square  inch ;  for  the  more  common  breadth  of  6  feet  the 
pressure  would  be  34-  lbs.  But  in  practice  a  lower  density  is  used,  partly 
because  the  relation  which  the  density  of  the  blast  shonld  bear  to  the 
breadth  of  the  hearth  is  not  fairly  considered,  and  partly  because  the 
blowing  engines  having  been  constructed  to  produce  blast  of  a  given  den- 
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sitj,  an  increase,  thongli  it  may  be  desired,  is  not  often  obtainable.  'Fur- 
naces with  the  widest  hearths  are  blown  with  engines  which  maintain  a 
pressure  of  2^  to  3  lbs.  to  the  square  inch ;  but  the  diameter  of  the  dis- 
charging pipes  is  such  that  at  their  termination  a  greater  pressure  than  2 
lbs.  to  the  square  inch  is  seldom  realised. 

Perfect  combustion  of  the  fuel  with  so  low  a  pressure  of  blast  is  not 
to  be  expected ;  the  portions  farthest  from  the  tuyere  do  not  receive  the 
requisite  quantity  of  oxygen  for  creating  a  rapid  combustion  and  intense 
heat ;  and  consequently  the  carbon  of  such  fuel  does  not  become  fiilly 
effective  in  the  reduction  of  the  materials.  The  full  powers  of  the  coal 
are  not  brought  to  bear  on  the  metal,  and  the  quality  consequently  suffers* 

The  distinction  between  volume  and  density  is  not  sufficiently  attended 
to  by  ironmasters.  Accompanying  the  enlarged  capacity  of  the  furnace 
the  volume  of  blast  has  been  increased,  but  augmentation  in  volume  aione 
is  not  sufficimt  to  obtain  the  entire  benefits  which  ought  to  aceme  from 
the  emplojrment  of  large  furnaces.  To  suppose  that  the  same  density  of 
blast  is  equally  suitable  to  a  large  as  to  a  small  furnace,  is  to  assume  that 
a  blast  of  given  density  can  penetrate  across  any  hearth  in  sufficient  quan* 
tities  for  combustion,  whatever  may  be  its  breadth.  This  is  obviously 
erroneous.  From  inattention  to  this  point  the  capacity  of  the  furnace  has 
been  increased  from  about  80  yards  to  260  and  280  yards ;  and  in  conse- 
quence, an  equally  great,  if  not  greater,  incr«ise  in  the  V(dume  of  blast 
haa  taken  place,  but  the  density  remains  nearly  the  same.  Had  the  den* 
fiity  of  the  blast  been  augmented  in  the  same  ratio  as  the  increased 
dimensions  of  tlie  furnace,  the  produce  of  large  blast  furnaces  would  be 
more  in  unison  with  their  capacity. 

While,  however,  we  advocate  the  employment  of  a  blast  of  adequate 
volume  and  density,  we  freely  admit  that  no  form  of  tuyere  yet  invented 
can  produce  a  perfect  combustion  of  the  carbon.  The  blast  of  low  density 
supplies  the  nearest  fuel  with  oxygen,  but  fails  to  penetrate  the  materials 
farthest  off,  while  a  high  density  affords  ample  air  to  the  most  distant 
fuel,  and  scarcely  any  to  that  in  contact  with  the  sides.  A  tuyere  which 
shall  afford  to  all  parts  of  the  hearth  the  requisite  quantity  of  air  for 
maintaining  a  uniformly  perfect  combustion  is  much  wanted,  and  until  it 
is  brought  into  use  a.  high  economy  of  fuel  cannot  be  attained. 

We  believe  that  a  compound  tuyere,  consisting  of  a  central  discharge 
of  very  dense  blast,  and  an  exterior  annular  discharge  of  a  less  dense 
blast,  will  eventually  supersede  the  single  tuyere. 

The  necessity  for  maintaining  a  certain  pressure  of  blast  is  generally 
admitted  by  iron-masters.    By  no  other  known  means  can  sufficient  air  be 
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brought  into  contact  with  the  fuel ;  however,  the  patent  records  of  this 
country  contain  many  ingenious  substitutes  for  the  common  plan  of 
forcing  a  draught.  A  furnace  was  built  not  long  since  in  the  neigbourhood 
of  Caerphilly,  and  an  attempt  was  made  to  obtain  the  requisite  supply  of 
air  by  exhaustion,  but  without  success,  and  the  operation  was  discon- 
tinued. A  different  result  could  scarcely  have  been  anticipated  after  a 
moment's  carefal  consideration.  For  the  rate  of  combustion  necessary  to 
the  maintenance  of  a  high  temperature  is  so  rapid  that  the  impossibility 
of  supplying  the  necessary  quantity  of  atmospheric  air  by  an  indraught 
becomes  manifest.  On  the  furnace-grates  of  ordinary  stationary  engine- 
boilers  the  rate  of  consumption  is  not  often  above  15  lbs.  of  coal  per 
square  foot  of  grate  per  hour.  This  rate  can  be  easily  maintained  by 
having  a  chimney-stack  from  110  to  120  feet  high,  when  the  grate  surface 
is  180  to  200  square  feet  In  locomotive  engines,  by  employing  a  portion 
of  the  available  power  of  the  steam,  the  rate  of  combustion  is  increased  to 
60  lbs.  per  foot  per  hour ;  but  this  is  greatly  under  the  requirements  of 
the  blast  furnace.  The  furnace  delineated  in  PI.  XY.  consumes,  when 
working  in  full  blast,  270  tons  of  coal  weekly.  The  combustion  of  this 
coal  is  effected  in  the  hearth,  which  for  the  time  being  we  may  consider 
as  a  species  of  grate ;  but  in  estimating  the  surface  for  combustion  we 
must  deduct  the  space  occupied  by  the  ironstone  and  flux,  leaving  as 
available  surface  an  area  not  exceeding  20  square  feet.  Dividing  the 
consumption  of  coal  by  the  hours  in  a  week  and  by  the  surface  for  com- 
bustion, we  obtain  180  lbs.  as  the  rate  of  combustion  per  foot  per  hour,  or 
three  times  the  quantity  consumed  in  the  locomotive  engine-grate  with 
the  violent  indraught  created  by  the  escaping  steam.  But  the  free  con- 
sumption of  the  fuel  in  the  blast  furnace  at  the  above  rapid  rate  is 
impeded  by  the  weight  of  the  superincumbent  materials — say  from  150  to 
200  tons.  8o  that  if  it  were  possible  to  create  a  sufScient  draught  by 
exhaustion  to  bum  180  lbs.  per  foot  of  grate  per  hour,  the  obstruction 
which  this  column  of  materials  would  offer  to  the  passage  of  the  ascending 
gas  would  destroy  it.  Ko  contrivance  short  of  forcing  the  air  into  the 
furnace  by  compression  can  possibly  produce  such  a  rapid  combination  of 
the  fuel  and  such  a  supply  of  oxygen  as  is  demanded  by  the  high  tem- 
perature necessary  to  be  maintained  in  the  interior  of  a  blast  furnace.* 

*  The  consumption  of  fuel  in  locomotive  fireboxes  is  occasionally  at  the  rate  of  160  lbs.  per  foot 
per  hour,  a  rate  not  far  short  of  that  maintained  in  many  blast  i\imaces ;  and  there  is  little  reason 
to  doubt  that  the  temperature  of  the  burning  fuel  is  often  quite  equal.  The  real  reason  that  the 
attempts  to  provide  draught  for  iron  furnaces  by  exhaustion  have  failed,  no  doubt,  is  that  the  vol- 
mnes  of  gaseous  material  to  be  dealt  with  are  so  prodigious,  and  their  temperature  so  high,  that  it 
is  impracticable  rather  than  impoasible  to  provide  suitable  apparatus.— Eds. 
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But  the  waste  of  Bteam-power  in  the  locomotive  engine)  in  order  to 
create  a  draught  for  the  combustion  of  60  lbs.  of  fuel  per  square  foot  per 
hour,  is  immense.  Of  the  power  generated  by  each  60  lbs.  of  fuel  con- 
sumed fully  two-fifths  is  expended  in  maintaining  the  draught.  The  24 
lbs.  of  coal  thus  consumed  are  capable  of  generating  sufScient  steam  to 
produce  four  horse-power ;  this  expenditure,  then,  is  required  to  maintain 
the  combustion  of  60  lbs.  of  coal  per  hour  by  this  mode  of  creating  a 
draught.  But  by  the  method  of  compressing  the  air  in  cylinders  50  lbs.  of 
coal  are  consumed  in  one-third  of  the  above  time  for  each  horse-power 
expended.  Measuring,  then,  the  comparative  efficiency  of  the  two  sys- 
tems in  this  manner,  the  power  expended  in  compressing  the  blast  to  the 
requisite  density  is  scarcely  a  fraction  of  that  expended  in  creating  an 
indraught  of  inferior  velocity. 

Considerable  diversity  of  opinion  exists  as  to  the  best  mode  of  apply- 
ing the  blast.  The  most  usual  method  is  by  three  tuyeres,  one  on  each 
side  and  the  third  at  the  back  ;  but  other  modes  are  to  be  seen  at  several 
works.  It  is  seldom  that  fewer  than  three  are  employed  in  modem 
furnaces,  but  a  greater  number  is  considered  by  some  ironmasters  as  more 
advantageous,  and  furnaces  may  be  seen  receiving  blast  through  10  and 
even  12  nozzles. 

The  volume  of  blast  is  fixed ;  therefore,  when  the  number  of  pipes  is 
increased,  if  the  density  of  the  blast  is  to  be  maintained  at  the  tuyeres, 
their  diameter  is  reduced  so  that  the  total  sectional  area  of  orifice  remains 
imaltered.  The  same,  quantity  of  blast  then  being  discharged  through 
a  greater  number  of  pipes  the  quantity  passing  through  each  will,  of 
course,  be  less  in  proportion  to  its  reduced  sectional  area. 

The  advantages  supposed  to  attend  the  use  of  a  large  number  of  small 
pipes  are  a  more  perfect  combustion  of  the  fuel,  and,  consequently, 
economy  of  blast  and  smelting  materials,  and  an  increased  make  of  iron. 
By  some  ironmasters  it  is  maintained  that  these  advantages  have  been 
actually  realized  wherever  the  number  of  tuyeres  has  been  increased,  and 
on  more  than  one  occasion  letters  patent  have  been  obtained  for  the 
supposed  discovery  of  this  improved  mode  of  bringing  the  blast  in  contact 
with  the  fuel,  and  the  employment  of  4  or  more  tuyeres  is  now  common  in 
several  districts.  Our  own  experience,  however,  does  not  permit  us  to 
subscribe  to  the  general  approval  of  numerous  tuyeres.  After  a  lengthy 
trial  at  several  furnaces  we  were  unable  to  discover  any  superiority  pos- 
sessed by  the  greater  over  the  fewer  number,  but  rather  the  contrary.  If 
due  consideration  be  paid  to  the  circumstances  by  which  the  volume  and 
density  of  the  blast  should  be  determined,  no  other  result  could  be  expected. 
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The  admission  of  the  blast  at  several  points  in  the  ciivoiofereiioe  of  the  hearth 
is  doubtless  productive  of  a  more  perfect  combustion  of  so  much  of  the  fuel 
as  may  be  within  its  influence,  but  it  is  detrimental  to  the  combustion  of 
the  remoter  portions.  For  the  profitable  combustion  of  the  fuel,  every 
portion  of  it  lying  within  the  zone  of  fusion  should  be  supplied  with  the 
requisite  quantity  of  atmospheric  air.  This  can  only  be  accomplished  by 
using  a  blast  properly  proportioned  in  volume  and  density  to  the  size  of 
the  hearth  and  quantity  of  fael  consumed  in  a  given  time.  This  last, 
supposing  the  degree  of  fusibility  of  the  ore  and  capacity  of  the  furnace  be 
known,  may  be  easily  ascertained.  If  then  the  volume  be  apportioned  to 
the  breadth  of  hearth  and  quantity  of  carbon,  and  the  density  of  the  air  be 
fixed,  the  comp^u-ative  efficiency  of  a  greater  or  less  number  of  tuyeres 
may  be  measured  by  the  relative  quantities  of  blast  decomposed  by  the 
fuel  at  or  a  little  above  their  level. 

If  the  blast  is  cut  up  into  a  number  of  small  jets  their  intensity  and 
ability  to  penetrate  the  materials  is  inferior  to  that  of  larger  jets.  The 
pieces  of  fuel  in  the  immediate  vicinity  of  the  issuing  blast  are  liboially 
supplied  with  oxygen,  but  the  quantity  of  atmospheric  air  intended  for 
the  remoter  positions,  unable  to  force  a  passage  through  the  materials, 
ascends  undecomposed  into  the  higher  regions  of  the  furnace,  absorbing 
heat  in  the  ascent,  and  so  far  reducing  the  available  temperature.  A 
portion  of  the  fuel  failing  of  its  full  supply  of  oxygen,  the  ironstone  is 
deprived  of  the  reducing  power  of  so  much  carbon,  and,  consequently,  the 
consumption  of  coal  is  increased. 

The  deficient  intensity  of  the  small  jets  to  penetrate  to  the  remotest 
parts  of  the  hearth  is  partially  understood  by  the  advocates  of  the 
numerous  small  tuyeres,  and  to  remedy  the  defect  a  high  density  of  blast, 
up  to  four  poimds  per  square  inch,  is  employed.  At  the  iron  works  in  the 
Swansea  Valley,  and  at  the  Aberdare,  Abernant,  and  other  works,  a  high 
pillar  of  blast  is  used  with  furnaces  which  are  under  the  average  height. 
But  although  an  increased  density  of  blast  may  produce  combustion  of  the 
remoter  fuel,  it  necessarily  increases  the  evils  occasioned  by  the  presence 
of  undecomposed  air  in  .the  furnace.  The  quantity  of  blast  is  considorably 
above  the  actual  requirements  of  the  fiiel,  and  the  excess  only  absorbs 
caloric  in  its  passage,  which  is  so  much  loss.  At  the  above-named  works 
the  blast  delivered  into  the  furnace  exceeds  the  quantity  required  for  the 
combustion  by  nearly  one-third. 

Apart  from  the  detrimental  effects  on  the  furnace,  this  waste  of 
blast  is  itself  attended  with  great  expense,  and  coupled  with  the  high 
density  required,  tells  very  much  against  the  small  tuyere  system.    The 
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increase  in  the  density  of  the  blast  has  usually  exceeded  one-third,  and  a 
similar  increase  has  been  made  in  the  volume,  or,  for  3  cubic  feet  of 
atmospheric  air  at  8  lbs.  per  inch,  there  is  now  employed  4  cubic  feet  at  4 
lbs*  If  then  a  given  power  sufficed  to  generate  blast  for  a  furnace  with 
the  TTiinimum  number  of  tuyeres,  with  the  larger  number  the  power 
required  is  augmented  in  the  proportion  of  9  to  16.  The  cost  of  com- 
pressing the  blast  varies  at  different  works,  but  (with  the  exception  of 
those  where  iron  is  smelted  from  carbonaceous  ironstone)  it  will,  with 
very  superior  engines  and  the  fewer  number  of  tuyeres,  not  exceed  two 
shillings  per  ton  of  pig-iron.  The  additional  expense  then  to  the  manu- 
facturer  using  small  tuyeres  is  very  cousiderable  for  engine-power  alone. 

The  effects  of  the  change  at  the  Dowlais  works  were  not  so  apparent, 
but  this,  however,  was  probably  owing  to  the  smaller  number  of  tuyeres 
employed.  In  the  Swansea  Valley  the  furnaces  are  generally  blown  with 
10  tuyeres,  three  each  side  and  back,  and  one  in, the  breast;  but  at  the 
Dowlais  furnaces  six  tuyeres  were  substituted  for  three,  two  on  each  side 
and  back  instead  of  one,  and  no  alteration  was  made  in  the  volume  or 
density  of  the  blast.  Whatever  alterations  then  occurred  in  the  working 
of  the  furnace  were  the  result  of  the  increased  number  of  tuyeres.  In 
1847-48,  during  a  period  of  15  months  blowing  with  the  double  set  of 
tuyeres  at  each  furnace,  the  average  yield  of  coal  for  smelting  was  60.1 
cwts.  The  average  yield  with  single  tuyeres  during  the  two  years 
preceding^the  experiment  was  45.3  cwts.  With  the  single  tuyere  in  each 
house  the  average  weekly  make  of  each  furnace  was  93  tons  15  cwts.,  but 
with  the  double  tuyere  it  was  92  tons.  A  loss  consequently  occurred  from 
the  small  tuyeres  of  4.8  cwts.  of  coal  on  each  ton  of  iron,  and  a  diminution 
of  two  tons  nearly  in  the  weekly  make.  Estimated  on  the  make  of  pig- 
iron  at  that  establishment  during  the  above  period  the  additional  con- 
sumption of  coal  in  the  furnace  consequent  on  the  alteration,  amounted  to 
25,750  tons.  If  to  this  coal  be  added  the  expense  of  the  alteration,  the 
increased  consumption  of  the  iron-making,  materials,  and  the  deficiency  in 
make,  it  will  be  apparent  that  the  policy  of  using,  under  any  circum- 
stance, a  number  of  small  tuyeres,  is,  to  say  the  least,  very  questionable. 

The  working  expense  of  the  small  tuyere  system  is  also  greatly  in 
excess  of  the  large  tuyeres.  Twice  or  three  times  the  number  of  pipes, 
tuyeres,  and  joints  have  to  be  kept  in  repair.  The  leakage  of  blast  is 
increased  in  a  similar  ratio,  and,  owing  to  the  quantity  of  air,  supplied  to 
the  fuel  near  the  tuyeres,  the  heat  generated  at  each  group  is  so  intense 
that  recourse  is  had  to  water  breasts  around  and  hollow  water  blocks 
below  the  tuyeres.    The  water  circulating  through  these  keeps  the  tuyeres 
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cool  at  the  expense  of  the  heat  destined  for  the  reduction  of  the  iron- 
stone.   (Pis.  XXXni.,  XXXIV.,  Figs.  189, 190,  202.) 

In  Scotland,  it  is  a  rare  circumstance  for  a  furnace  to  be  blown  with  so 
few  as  three  tuyeres.  At  the  Langloan  works  they  are  blown  with  four 
tuyeres,  2  on  each  side ;  at  the  Dandy  van  works  5  tuyeres  are  used  ;  at 
the  Gartsherrie,  4,  5  and  6  are  used ;  at  the  Monkland  works,  5  ;  and  at 
the  Govan  furnaces  8  tuyeres,  3  on  each  side  and  two  in  the  back.  All 
these  furnaces  have  large  hearths.  The  consumption  of  fuel  to  the 
quantity  of  blast  is  excessive,  as  we  have  already  shown.  May  not  a 
portion  of  this  excess  be  accounted  for  by  the  use  of  numerous  small 
tuyeres  ?  We  have  seen  that  the  employment  of  6  small  instead  of  3  large 
nozzles  at  the  Dowlais  works  caused  an  increased  consumption  of  fuel  of 
nearly  5  cwts.  per  ton  of  iron.  We  do  not  know  of  any  circumstance 
connected  with  the  Scotch  furnaces,  which  should  exempt  them  from  using 
a  greater  quantity  of  coal  under  like  circumstances. 

The  small  tuyere  system  is  in  use  at  some  English  works.  Several  of 
the  Yorkshire  furnaces  are  blown  with  six  tuyeres,  but  we  are  not  aware 
of  a  single  instance  where  the  adoption  of  the  plan  has  been  followed  by 
a  saving  of  fuel,  blast,  or  other  material,  or,  indeed,  by  any  other  advan- 
tage commensurate  with  its  greater  cost  both  in  construction  and  main- 
tenance. 

TUTEEE  AND  NOSE-PIPE — ADMISSION  OF  BLAST, 

The  beneficial  eflTects  which  result  from  a  blast  of  the  requisite  volume 
and  density  may  be,  and  often  are,  destroyed  by  the  use  of  improper  pipes 
for  its  delivery  into  the  furnace.  The  longitudinal  section  of  the  nose-pipe 
and  tuyere  has  a  most  important  bearing  on  the  efficiency  of  the  blast. 
Unless  these  are  properly  proportioned  at  first  and  carefully  maintained  to 
their  original  section,  it  is  hopeless  to  expect  that  the  blast  delivered  will 
produce  a  maximum  effect. 

The  most  common  error  committed  in  the  construction  of  nose-pipes  is 
making  their  horizontal  section  to  converge  too  rapidly — the  difference 
between  the  diameters  of  the  ends  is  too  great  for  their  length.  With 
pipes  having  much  taper,  the  distance  to  which  the  blast  is  projected  is 
materially  diminished ;  and  at  a  very  short  distance  from  the  outlet  the 
density  of  the  blast  is  very  little  superior  to  that  of  the  atmosphere.  The 
tapering  form  of  the  pipe  favours  the  divergence  of  the  blast,  while,  in  smelt- 
ing, a  dense  concentrated  blast  is  required  at  a  distance  of  several  feet  from 
the  pipe ;  for,  under  no  other  conditions,  can  the  blast  penetrate  through  a 
mass  of  materials  to  supply  the  air  necessary  for  the  combustion  of  the  fuel. 
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The  effects  produced  on  the  furnace  from  using  pipes  of  too  much 
taper  usually  show  themselves  in  an  increased  yield  of  coal,  and  the 
burning  of  the  work  around  the  tuyere.  The  increase  in  the  coal  is  often 
very  considerable.  In  consequence  of  the  density  of  the  blast  being 
reduced  so  quickly  after  its  emission  from  the  pipe  it  is  unable  to  penetrate 
far  into  the  mass  of  materials ;  the  quantity  of  air  to  the  fuel  in  the  yicinity 
of  the  tuyere  is  consequently  so  great  that  an  unnecessarily  high  tempera- 
ture is  created,  to  the  injury  of  the  brickwork  of  the  hearth. 

The  diameter  of  the  pipe,  its  length  and  thickness,  should  be  deter- 
mined after  mature  consideration  by  a  responsible  person,  instead  of  being 
left,  as  is  generally  done  at  present,  to  one  of  the  workmen,  and  a  careful 
supervision  should  be  exercised  in  the  smithy  while  it  is  being  made.  In 
numerous  instances  that  have  come  under  our  own  immediate  knowledge 
the  diameter  of  the  bore  has  been  given,  but  the  length  and  the  diameter 
at  the  large  end  have  been  left  to  the  discretion  of  the  workmen.  The 
pipe  conveying  the  blast  into  the  nose-pipe  is  usually  placed  at  a  fixed 
distance  from  the  furnace,  and  if  the  position  of  the  tuyere  be  altered,  a 
different  length  of  nose-pipe  is  required.  If  the  distance  is  shortened — the 
two  diameters  of  the  pipe  remaining  unaltered — the  taper  is  increased ; 
bnt  if  it  is  lengthened  the  same  quantity  of  taper  is  retained,  but  being 
distributed  over  a  greater  length  the  angle  is  less,  and  the  tendency  of  the 
blast  to  diverge  on  escaping  is  reduced.  Short  pieces  of  pipe  of  different 
lengths  are  sometimes  employed  to  connect  the  large  end  of  the  nose-pipe 
to  the  blast-pipe.  They  maintain  the  taper  of  the  nose-pipe,  but  as  their 
employment  increases  the  number  of  joints  for  leakage,  and  causes  ob- 
structions to  the  free  delivery  of  the  blast,  they  should  be,  if  possible, 
avoided.  A  better  mode  of  adjusting  the  distance  between  the  tuyere 
and  fixed  blast-pipe  is  by  a  telescope  pipe  properly  fitted  with  a  ring 
piston  working  air-tight  in  a  cylinder,  as  delineated  in  PL  XV.  Fig.  88, 
PI.  XXXTL,  Fig.  169.  Pipes  of  this  description  have  now  been  in  use 
for  several  years  at  the  Dowlais  works,  and  for  facility  of  working  and 
economy  of  blast  are  probably  unequalled.  Their  first  cost  is  greater 
than  the  usual  fixed  pipe,  but  the  numerous  advantages  which  they  possess 
amply  compensate  for  the  outlay. 

The  breadth  of  the  hearth  should  be  considered  in  determining  the 
taper  of  the  nose-pipe,  a  wide  hearth  requiring  less  taper  than  a  narrow 
one.  With  the  old  hearths  the  shape  of  the  pipes  was  of  less  importance, 
as  they  were  usually  not  more  than  3  feet  across.  A  pipe  which  would 
answer  well  for  a  hearth  3  feet  wide,  and  supply  suflScient  air  to  all  the 
fuel  it  held,  would  be  totally  unsuitable  to  one  of  6  feet  in  width.    The 
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diameter  of  the  nose  is  nsaally  determined  by  the  quantity  of  atmospheric 
air  intended  to  be  delivered,  and  with  regard  to  the  taper,  from  numerous 
observations,  we  are  of  opinion  that  for  modem-sized  hearths  the  lai^  end 
should  be  one-fourth  greater  than  the  small  for  each  foot  in  length.  By 
this  rule  the  outer  end  of  a  4-iuch  nose-pipe,  18  inches  long,  would  be  5| 
inches  in  diameter.  If  the  metal  in  the  end  of  the  connecting  pipe  is  very 
thick  a  socket  should  be  made  on  the  nose-pipe  to  go  over  it,  so  that  the 
interior  of  the  connexion  may  offer  as  little  irregularity  as  possible  to 
obstruct  the  passage  of  the  blast. 

The  condition  of  the  nose-pipe  should  be  occasionally  examined,  that 
any  upsetting  of  the  metal  or  burning  away  may  be  remedied.  For  want 
of  such  examination  and  repair  the  point  often  becomes  battered  up  and 
the  intensity  of  the  escaping  blast  reduced.  At  some  furnaces  thin  pipes 
are  used,  and  from  the  weakness  of  the  metal  when  heated  they  soon  lose 
their  original  form.  Pipes  made  from  f  or  j-inch  boiler-plate  are  prefer- 
able in  every  respect,  and  no  thinner  metal  should  be  used.  Their  interior 
should  be  quite  circular,  the  ends  piled  up  true  and  square,  leaving  the 
angles  sharp,  and  the  nose  filed  out  or  bored  to  a  gauge  of  the  exact 
dimensions  desired,  taking  care,  however,  that  the  thickness  is  not  mate- 
rially reduced  by  the  fitting. 

In  many  iron-works,  from  a  mistaken  notion  of  economy,  the  pipes  are 
roughly  made,  presenting  in  their  transverse  section  some  resemblance  to 
a  circle,  but  differing  in  figure  at  different  parts  of  the  pipe.  As  the  use 
of  such  pipes  is  attended  with  a  certain  waste  of  blast,  it  is  not  difficult  to 
see  that  any  saving  effected  in  their  manufacture  is  more  than  counter- 
balanced by  the  imperfect  manner  in  which  the  blast  is  delivered.  From 
our  own  experience  we  can  safely  say  that  the  additional  expense  incurred 
in  making  a  well-finished  pipe  is  amply  compensated  by  the  greater  effi- 
ciency of  the  blast. 

The  interior  of  the  water  tuyere  is  usually  made  as  represented  in  PI. 
XXXni.,  Figs.  180, 181.  About  two-fifths  of  its  length  inside,  measuring 
from  its  inner  end,  is  made  parallel ;  from  this  point  to  the  outer  end  the 
bore  is  enlarged  to  about  1}  times  the  diameter  of  the  inner  end.  The 
diameter  of  the  smallest  part  of  the  tuyere  is  made  nearly  the  same  as 
that  of  the  nose-pipe.  The  space  around  the  nose-pipe,  inside  the  large 
end  of  the  tuyere,  is  generally  rammed  tight  with  fire-clay  or  other  filling, 
to'prevent  the  escape  of  air. 

The  diameter  of  bore  of  the  water-pipe  varies  from  f  to  1  inch,  accord- 
ing to  circumstances.  The  thickness  of  the  cast  metal  around  the  bore  of 
the  tuyere  at  the  inner  end  is  just  sufficient  to  encircle  the  water-pipe  and 
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to  protect  it  from  the  direct  action  of  the  heat,  diminishmg  at  the  outer 
end  to  about  1  inch.  In  turning  the  water-pipe  to  the  spiral  form  great 
care  should  be  taken  to  avoid  flattening  it  or  opening  it  at  the  weld.  For 
want  of  care  in  bending  the  tube  many  tuyeres  are  rendered  useless,  and 
leakage  has  occasioned  much  injury  to  the  furnace. 

The  connexion  of  the  inlet-pipe  to  the  fixed  water-pipe  should  be  such 
as  will  admit  of  a  ready  separation  and  re-connexion  when  changing 
tayeres.  This  is  best  accomplished  by  having  one  or  two  imiversal  joints 
by  which  the  direction  of  the  pipe  may  be  suited  to  the  position  of  the 
tuyere,  and  a  pair  of  small  flanges  united  by  screw-pins  for  disconnecting. 

To  keep  the  tuyere  sufficiently  cool  at  the  point  the  water  should 
circulate  at  the  rate  of  10  to  12  gallons  per  minute  for  each  square  inch 
•f  sectional  area  of  orifice. .  The  height  of  the  reservoir  above  the  tuyere 
should,  wherever  practicable,  be  little  inferior  to  that  of  the  furnace. 


SECTION  vni 


INTERIOR    OF    FURNACES. 


The  form  of  the  interior  of  the  blast  famace  has  an  important  bearing 
on  its  duration,  economy  of  materials,  and  smelting  power.  The  nature 
of  the  fael  and  ores  to  be  smelted,  and  the  quantity  of  metal  desired 
weekly,  should  regulate  the  principal  dimensions ;  but  in  many  districts 
they  are  determined  by  local  usages,  without  reference  to  propriety  or 
suitability. 

Of  late  years  some  attention  has  been  given  to  the  form  of  furnace 
best  calculated  to  yield  a  maximum  quantity  of  metal  with  a  minimum 
consumption  of  materials,  and  considerable  departures  have  been  made 
from  the  old  shape.  Considering,  however,  the  great  improvements 
which  have  been  effected  in  the  manufacture  of  iron  generally,  we  are  of 
opinion  that  in  the  construction  of  the  blast  furnace  itself  the  improve- 
ment  has  not  kept  pace  with  that  in  the  other  departments.  This  is 
doubtless  owing  in  a  great  degree  to  the  little  attention  paid  to  the  subject 
by  smelters;  but  much  is  also  due  to  the  serious  consequences  which 
would  be  entailed  in  the  event  of  the  failure  of  any  experiment.  In 
most  of  the  other  departments  the  cost  of  making  the  necessary  altera- 
tions for  testing  the  value  of  any  supposed  improvement  is  small  com- 
pared with  the  expense  which  must  be  incurred  in  experiments  on  the 
construction  of  blast  furnaces.  And  if  the  trial  prove  unsuccessful,  the 
change  back  to  the  former  arrangements  may  generally  in  other  depart- 
ments be  made  in  a  few  days ;  but  in  the  case  of  the  blast  furnace  any 
alteration  of  the  interior  construction  involves  blowing  out,  and  is  at- 
tended with  stoppage  of  works  for  weeks  or  even  months.  Since  any^ 
deviation  from  established  forms  is  attended  with  the  risk  of  heavy  loss, 
it  is  not  a  matter  of  surprise  that  ironmasters  continue  to  build  their  fur- 
naces of  the  present  form*  And  imtil  some  enterprising  ironmaster  with 
ample  means  at  command  steps  out  of  the  well-beaten  path,  and  constructs 
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his  furnaces  in  axKsordance  with  correct  scientific  principles,  no  considerable 
improvement  can  be  expected  in  this  direction. 

Great  as  has  been  the  improvement  in  the  manufacture  of  iron  in  the 
present  century,  any  very  marked  step  in  advance  has  generally  been  the 
work  of  years  of  perseverance.  The  difference  between  the  present  blast 
furnace  and  blast  furnace  of  sixty  years  since,  though  confined  principally 
to  increase  of  dimensions  only,  is  the  result  of  numerous  cautious  experi- 
ments. On  comparing  the  lines  of  furnaces  recently  built  with  those  of 
furnaces  erected  half  a  century  back,  we  find  the  difference  to  consist 
chiefly  in  the  enlargement  of  the  diameter  at  the  boshes.  The  great 
increase  in  size  has  been  arrived  at  by  successive  enlargements ;  the  indi- 
vidual steps  have  been  small  through  uncertainty  as  to  the  result  of  a 
great  and  sudden  departure  from  the  established  proportions.  Except  in 
size,  the  majority  of  the  furnaces  of  the  present  day  are  very  little  superior 
to  those  of  a  former  period,  and  it  is  evident  from  their  design  that  the 
laws  that  regulate  combustion  and  the  ascent  of  heated  air  are  little  under- 
stood amongst  the  great  body  of  practical  smelters. 

The  opinions  of  ironmasters  are  divided  as  to  what  form  of  hearth  is 
the  most  advantageous.  Leaving  the  size  for  future  consideration,  we 
may  endeavour  to  ascertain  which  form  appears  to  produce  the  best  results. 
Square  hearths  are  common  in  Staffordshire,  and  are  frequently  used  in 
South  Wales,  and  a  few  are  to  be  met  with  in  Scotland.  At  the  Ply- 
mouth (PI.  XIV.,  Fig.  87)  and  Aberamman  (PI.  XIX.,  Fig.  104)  works 
near  Merthyr  Tydfil,  and  in  the  Anthracite  furnaces  of  the  Swansea  Val- 
ley, and  in  some  of  the  furnaces  on  the  eastern  side  of  the  coal  basin, 
square  hearths  are  in  use.  The  angles  of  the  square  hearth  are  sometimes 
rounded  off,  as  in  the  Langloan  furnace,  or  their  sharpness  diminished, 
as  in  the  Aberamman  furnace.  In  Scotland  hearths  of  a  circular  form  in 
plan  are  general,  and  they  are  also  used  in  some  modem  Staffordshire  fur- 
naces. At  the  Ehymney,  Tredegar,  Sirhowy,  Ebbw  Vale,  Cyfarthfa  (PL 
XIV.,  Fig.  86 ;  PL  XVIH.,  Fig.  100 ;  PL  XIX.,  Fig.  105),  and  other 
works,  this  form  is  generally  adopted,  and  probably  this  form  of  hearth 
will  be  found  in  one-half  the  Welsh  blast  furnaces.  In  some  of  the  Scotch 
works  the  plan  partakes  of  a  pear-shape ;  the  back  circular,  and  diminish- 
ing in  breadth  from  the  side  tuyeres  to  the  damplate  either  by  a  straight 
or  cnrved  wall. 

Each  kind  of  hearth  has  its  advantages.  The  square  form  is  especially 
applicable  when  more  than  one  tuyere  is  blown  at  the  side,  as  in  Anthra- 
cite furnaces,  but  the  combustion  of  the  fuel  is  not  generally  so  well  ac- 
complished.   That  portion  which  lies  in  the  angles  is  out  of  the  direct 
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iuflnence  of  the  blast)  and  oonsequentlj  gives  out  an  inferior  heat.  In 
facility  for  working  also  this  form  is  inferior  to  others.  The  angle  between 
the  cinder-fall  and  tnyeres  is  beyond  the  direct  action  of  the  blast,  and 
cannot  be  reached  by  any  instrument  from  the  fall.  Collections  of  cinder 
and  partially  fused  matter  consequently  lodge  in  these  comers,  and  reduce 
the  avsdlable  area  of  the  hearth.  Indeed  after  being  in  blast  for  a  short 
period  all  the  angular  spaces  in  the  square  hearth  become  filled  up  by  the 
adhesion  of  vitrified  matter  to  the  brickwork,  and  the  plan  of  the  working 
portion  thus  approximates  to  a  circle. 

The  circular  hearth  approaches  more  nearly  to  the  form  produced  by 
the  fusion  and  fiow  of  the  materials,  but  it  is  defective  in  the  sharp  angles 
at  each  side  of  the  cinder-fall.  The  portion  of  the  hearth  covered  by  these 
angles  is  inaccessible  to  the  workmen  from  the  front,  and  the  removal 
of  any  substance  which  may  lodge  there  is  attended  with  great  difficulty. 
A  variety  of  the  circular  hearth,  having  a  portion  of  the  circumference 
opposite  to  each  tuyere  flattened  for  a  space  of  18  to  30  inches,  is  adopted 
at  some  works.  It  places  the  tuyeres  a  few  inches  nearer  to  each  other 
than  the  diameter  of  the  circle,  but  we  are  not  aware  of  any  advantage 
arising  from  this  modification  which  would  not  be  better  obtained  by  a 
perfectly  circular  hearth  of  a  diameter  equal  to  the  diminished  distance. 

The  plan  used  at  some  Scotch  works,  and  exclusively  at  the  Dowlais 
works,  fulfils  the  conditions  required  in  a  hearth  better  than  any  other 
form.  (PI.  XVI.,  Fig.  92.)  By  having  no  sharp  angles  anywhere  in  the 
plan,  the  entire  bottom  is  accessible  to  the  woi^man,  and  the  opportunity 
for  semi- vitrified  matter  to  lodge  in  or  adhere  to  any  part  of  the  hearth 
much  diminished.  "We  have  observed  in  furnaces  which  have  been  blown 
out,  after  having  been  in  blast  three  or  four  years  only,  that  the  working 
part  of  the  hearth  has  more  or  less  approximated  to  this  form,  whatever 
might  have  been  its  original  shape.  This  would  indicate  the  propriety  of 
adopting  it  at  first,  instead  of  leaving  the  metal  and  cinder  to  round  the 
angles  and  fill  up  the  hollows.  Certain  it  is  that  where  the  circular  or 
square  form  is  adopted,  the  fiuid  metal  acting  on  the  material  of  the 
hearth  widens  the  fall  at  its  junction,  and  repairs  are  frequently  required. 
It  has  a  similar  effect  on  the  sides  of  the  pear-shaped  hearths,  but  from 
the  absence  of  angles  the  necessary  repairs  can  be  made  with  great  facility. 

The  breadth  of  the  hearth  from  tuyere  to  tuyere  is  regulated  partly  by 
the  fuel  employed.  In  the  old  charcoal  furnaces,  smelting  rich  ores,  suc- 
cessful results  were  obtained  with  narrow  hearths.  But  in  the  present 
furnace,  where  coal  and  coke  are  used,  the  hearth  is  made  wider  in  propor- 
tion to  the  diameter  at  the  boshes ;  and  when  raw  coal  is  used  the  hearths 
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ate  generallj  wider  than  with  coke.  The  size  of  the  pieces  of  fael  to  be 
used  mufit  be  taken  into  consideration  in  proportioning  the  size  of  the 
hearth.  A  few  of  the  lamps  of  raw  coal  charged  into  some  of  the  present 
furnaces  would  be  enough  to  choke  the  descent  of  the  materials  in  the  old 
narrow  hearth. 

In  Scotland  the  breadth  varies  from  6  to  8  feet ;  the  furnaces  at  Lang- 
loan  and  Kinneil  are  6  feet ;  those  at  Dandyvan,  7  feet ;  while  the  breadth 
of  the  hearths  at  the  Muirkirk  new  furnaces  is  8  feet  The  Staffordshire 
hearths  are  usually  small ;  the  alteration  being  but  slight  from  the  old 
dimensions.  In  the  Welsh  works  the  breadth  varies  from  5  to  8  feet ;  the 
Abei-amman  and  YstaJyfera  are  5  feet ;  the  Sirhowy,  5^  feet ;  Tredegar,  6 
feet;  Plymouth,  7  feet;  and  Dowlais,  8  feet  in  tlie  large  furnaces,  and 
from  6  to  7  feet  in  the  smallest 

Where  coke  is  used  as  the  fiiel  we  are  of  opinion  that  6  feet  is  wide 
enough  for  all  purposes,  but  in  full-size  furnaces  16  to  18  feet  in  diameter 
across  the  boshes,  and  if  using  coal,  7  feet  or  7^  feet  is  more  advantageous. 
With  a  full  volume  of  blast  at  the  requisite  density  a  maximum  produce 
of  metal  will  be  obtained  with  hearths  of  these  dimensions. 

In  the  charcoal  furnaces  the  hearths  are  usually  about  2  feet  square, 
but  tlie  largest  diameter  of  these  furnaces  rarely  exceeds  9  feet.  The  char- 
coal furnaces  of  Sweden  and  Bussia  have  narrow  hearths,  but  their  me> 
chanical  arrangements  for  supplying  blast  are  defective,  and  for  this  reason 
the  produce  of  metal  is  very  small. 

The  height  of  the  hearth  up  to  the  commencement  of  the  boshes  is, 
similarly  with  the  breadth,  subject  to  variation.  In  the  Welsh  furnaces 
the  height  varies  from  6  feet  to  8  feet  6  inches;  at  the  Tredegar  and 
Aberamman  furnaces  it  is  6  feet ;  at  the  Plymouth  furnace  6  feet  6  inches ; 
at  the  Anthracite  furnaces  7  feet ;  and  at  the  Dowlais  furnace  the  hearths 
are  from  7  to  8  feet  6  inches  high.  In  Staffordshire  they  vary  from  5  to  6 
feet ;  and  in  the  Scotch  furnaces  5  feet  appears  to  be  the  most  common 
measurement. 

We  are  disposed  to  consider  6  to  6  feet  as  the  best  dimension.  A 
greater  height  can  be  attended  with  no  advantage  in  point  of  economy, 
but  may  considerably  reduce  the  smelting  power  of  the  furnace.  If  the 
hearth  be  carried  high  up  the  capacity  of  the  furnace  is  proportionately 
diminished,  and  its  powers  of  production  reduced  accordingly.  In  some  of 
the  furnaces  of  18  feet  diameter  at  boshes  the  hearths  are  built  8  feet  6 
inches  high,  the  interior  capacity  being  275  yards.  Were  they  6  feet 
high  only  the  capacity  gained  (supposing  all  the  other  dimensions  remain 
unaltered)  would  equal  20  cubic  yards,  nearly  ;  that  is  to  say,  the  contents 
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of  a  cylinder  18  feet  in  diameter  hy  2  feet  6  inches  deep,  minus  the 
amount  by  which  the  hearth  would  be  diminished.  By  thus  reducing  the 
height  of  the  hearth  to  the  most  profitable  dimension  the  capacity  of  the 
furnace  is  increased  one-fourteenth,  or  from  275  to  295  yards.  The 
smelting  power  of  the  furnace  is  equal  to  9  cwts.  of  metal  for  each  yard 
of  capacity,  consequently  an  increase  of  20  yards  would  augment  the 
weekly  make  9  tons. 

The  breadth  of  the  hearth  at  the  top  is  in  some  instances  the  same  as 
at  the  bottom,  the  walls  being  carried  up  plumb ;  but  in  other  instances 
they  widen  considerably  as  they  ascend.  The  necessity  for  any  con- 
siderable enlargement  upwards  is  not  very  apparent.  It  tends  rather  to 
retard  the  descent  of  the  materials.  Where  the  hearth  is  very  wide  it 
probably  may  be  advantageous,  inasmuch  as  it  tends  to  lighten  the 
pressure  on  the  bottom.  "With  the  usual  width,  however,  the  boshes 
support  the  weight  of  the  materials,  and  the  perpendicular  pressure  on  the 
bottom  of  the  hearth  is  not  so  great.  On  the  whole,  a  batter  of  about  1 
in  12  would  seem  to  be  a  desirable  proportion.  In  the  Tredegar  and 
some  other  furnaces  it  is  1^  in  12,  but  this  appears  to  be  a  maximum 
amount. 

A  slight  widening  of  the  hearth  upwards  also  favours  the  ascent  of  the 
gaseous  column.  This  increases  rapidly  in  bulk  in  the  first  two  feet  of  its 
ascent,  and  should  therefore  be  allowed  ample  space  for  expansion. 

The  boshes  commence  from  the  hearth,  and  form  the  frustum  of  a 
cone,  the  smallest  end  down,  and  the  base  forming  the  largest  diameter  of 
the  furnace.  The  angle  at  which  the  boshes  are  inclined  is  a  matter  of 
considerable  importance  to  the  successful  working  of  a  furnace,  for  while 
it  should  not  be  so  steep  as  to  throw  too  great  a  pressure  on  the  hearth,  it 
should  have  a  suflScient  rise  to  allow  of  the  uninterrupted  descent  of  the 
materials  as  fast  as  the  lower  strata  are  melted  in  the  hearth  below.  In 
determining  the  most  advantageous  angle  for  a  special  case,  the  nature  of 
the  ironstone  and  the  fu^l  require  to  be  considered.  K  the  ores  are  of  a 
dense  character  and  the  fuel  light,  the  slope  is  usually  very  steep. 

From  the  measurement  of  numerous  furnaces  which  have  come  under 
our  notice  it  would  appear  that  the  flattest  boshes  are  at  an  angle  of  about 
60  deg.,  with  a  horizontal  line,  while  the  steepest  rarely  exceed  80  deg. 
At  the  Dowlais  works  there  are  boshes  at  68,  73,  74,  76,  78,  and  81  deg. ; 
the  steepest  are  in  the  smallest  furnaces.  And  it  is  worthy  of  remark 
that  these  furnaces  produce  a  larger  quantity  of  iron  in  proportion  to 
their  capacity  than  the  others.  At  the  Plymouth  furnace  the  angle  is  68 
deg. ;  Tredegar  furnace,  69  deg. ;  and  Sirhowy,  71  deg.    The  Scotch  do 
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Bot  differ  greailj  from  each  other :  the  angle  at  Dandyyan  is  69  deg. ; 
Kinneil,  71  deg. ;  and  Mnirkirk,  72  deg.  In  the  Alfreton  furnaces, 
Derbyshire,  the  angle  is  about  62  deg.  The  charcoal  furnace  hearths 
are  constructed  with  boshes  at  76  to  78  deg. 

Formerly  the  boshes  were  constructed  at  a  much  lower  angle— 54  deg. 
was  not  uncommon — ^but  in  modem  furnaces  the  increase  in  rise  has  been 
most  beneficial.  A  less  angle  than  70  deg.  should  not  be  adopted  where 
the  full  reducing  power  of  the  furnace  is  desired.  On  a  slope  of  88  deg. 
the  tendency  of  the  materials  to  slide  down  is  nil.  As  the  angle  increases 
the  action  of  gravity  is  correspondingly  brought  into  play.  "With  so  flat 
an  angle,  then,  as  38  deg.  the  regular  and  equable  descent  of  the  whole 
of  the  materials  in  the  furnace  would  not  take  place.  The  centre  column 
resting  on  the  hearth  would  move  most  rapidly,  the  surrounding  cylinder 
of  materials  at  a  slower  rate,  while  the  materials  immediately  resting  upon 
the  boshes  would  descend  into  the  hearth  with  the  least  velocity.  On  the 
other  hand,  a  greater  angle  than  70  deg.  is  not  desirable,  as  the  boshes 
then  rise  so  high  in  the  furnace  that  its  capacity  for  reduction  is  decreased 
without  producing  any  corresponding  advantage. 

Of  late  years  much  discussion  has  arisen  respecting  the  form  of  the 
section  of  the  hearth  and  boshes.  Some  writers  maintain  that  the  walls 
of  the  hecu'th  should  rise  perpendicularly,  or  nearly  so,  and  that  the 
boshes  should  start  off  from  the  top  of  them  at  the  desired  angle.  Others 
state  that  the  interior  of  the  vertical  section  of  the  hearth  and  boshes 
should  be  formed  by  a  line  nearly,  or  even  qxiite,  straight,  starting  from 
the  desired  breadth  at  bottom  and  continued  to  the  side  of  the  furnace  at 
the  determined  angle.  The  walls  of  the  hearth  falling  back  with  the  same 
inclination  as  the  boshes,  the  distinct  angular  junction  of  the  two  conse- 
quently disappears. 

The  advocates  of  this  form  of  hearth  assign  as  their  reason  for  its 
adoption  that  it  approaches  most  nearly  to  the  form  observed  in  furnaces 
which  have  been  blown  out  after  working  several  years.  Upon  this 
ground  some  ironmasters  have  altered  the  construction  of  the  hearths  and 
boshes  of  their  furnaces  to  these  lines,  and,  it  is  stated,  with  considerable 
advantage  in  respect  both  of  yield  and  make.  Among  other  works  where 
this  form  of  furnace  is  in  use,  we  may  mention  the  Sirhowy  (PI.  VIT., 
Fig.  43),  Ebbw  Vale,  and  Abersychan,  in  Wales,  and  the  Corbyns  Hall, 
in  Staffordshire,  to  the  proprietor  of  which  the  merit  of  introducing  this 
description  of  hearth  to  the  trade  is  due. 

At  first  sight  the  form  which  is  produced  by  the  continued  action  of 
the  furnace  may  seem  the  most  correct,  but  on  further  examination  this 
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argnment,  we  believe^  will  appear  fallacious.  K  this  form  were  reallj  the 
best,  a  furnace  should  work  better  after  being  in  blast  some  years  than 
when  new,  for  the  improved  form  would  then  be  attamed ;  but  the 
reverse  of  this  is  found  in  practice.  Furnaces  constructed  with  properly 
proportioned  hearths,  and  boshes  at  a  moderately  steep  angle,  will,  if 
properly  blown  in,  produce  as  much  metal,  and  be  in  as  good  working 
condition  at  the  end  of  thi'ee  months  as  at  any  future  period.  We  believe 
it  may  be  different  with  the  very  narrow  hearths  common  in  Stafford- 
shire ;  but  that  would  be  on  account  of  the  form  of  construction.  Let  the 
size  of  the  hearths  be  increased  to  not  less  than  two-fifths  of  the  diameter 
of  the  furnace  and  the  produce  of  metal  and  yield  of  materials  will  reach 
the  maximum  a  few  weeks  after  first  blowing. 

During  every  year  in  which  the  furnace  is  in  blast,  a  portion  of  the 
hearth  and  boshes  is  removed  by  the  attrition  of  the  descending  materials, 
80  that  in  a  few  years  the  boshes  are  worn  down  very  flat,  the  hearth  is 
enlarged,  and  the  working  of  the  furnace  becomes  more  difficult,  the  yield 
of  materials  increasing  while  the  make  diminishes.  Effects  of  a  similar 
kind  are  produced  when  the  blowing  in  his  been  hastily  done,  and  the 
power  of  the  furnace  prematurely  forced  to  the  prodaction  of  a  large 
quantity  of  metal  before  the  surrounding  brickwork  has  been  thoroughly 
glazed  and  heated.  In  either  case,  when  the  boshes  are  much  worn,  the 
consumption  of  materials  and  the  diminution  of  make  progressively 
advance,  until  the  expense  of  manufacturing  becomes  so  great  as  to 
render  it  necessary  to  blow  out  and  repair  the  furnace.  If,  then,  the 
hearth  and  boshes  are  rightly  proportioned  at  first,  the  furnaces  will  work 
best  while  they  retain  their  original  form ;  but  if  they  are  improperly 
shaped,  the  wear  caused  by  the  descending  materials  may  effect  an 
improvement.  If,  however,  it  be  deemed  advisable  to  leave  the  hearth 
and  boshes  to  be  worn  into  a  proper  form  by  the  friction  of  the  materials, 
the  evils  of  an  extravagant  yield  and  low  make  must  be  naturally  ex- 
pected. 

We  freely  admit  that  for  a  limited  period  of  time  this  form  of  hearth 
makes  a  large  quantity  of  metal,  and  works  to  a  good  yield ;  and  since 
the  peculiar  shape  increases  the  capacity  of  the  furnace  about  one-tenth 
part,  such  a  result  could  reasonably  be  expected.  But  we  must  call  to 
mind  that  the  wear  of  the  brickwork  of  the  hearth  and  boshes  proceeds  as 
rapidly  in  furnaces  of  this  construction  as  in  those  of  the  more  usual  form ; 
and  consequently  every  year  that  the  furnace  is  in  blast  the  boshes  are 
flattening,  the  hearth  enlarging,  and  the  yield  and  produce  deteriorating. 
No  matter  at  what  angle  with  the  horizon  the  boshes  are  set  so  that  it  be 
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less  thaa  90  deg.,  the  wear  of  the  brickwork — supposing  the  furnace  has 
not  been  properly  managed — goes  on  regularly  year  by  year ;  hence  if 
the  hearth  is  unnecessarily  large  at  first,  the  period  which  will  elapse 
before  it  has  arrived  at  such  a  size  as  to  render  blowing  out  necessary 
will  be  BO  much  the  shorter. 

If  this  form  of  hearth  and  boshes  is  to  maintain  its  efiSciency  unim- 
paired by  the  action  of  the  materials,  the  laws  of  friction  and  abrasion 
must  be  suspended  in  its  favour ;  and  its  advocates  would  almost  seem  to 
imagine  that  something  of  this  kind  really  occurs.  Amongst  the  objec- 
tions urged  against  the  old  form,  the  inventor  of  the  improved  hearth 
states  as  a  general  fact  that  one-third  of  the  substance  of  the  hearth  and 
boshes  is  commonly  carried  away  in  the  first  six  months'  working,  leaving 
it  to  be  inferred  that  with  the  improved  hearth  the  brickwork  does  not 
80  suffer.  If  the  heai*th  is  excessively  narrow,  the  heat  maintained  may 
be  60  intense  as  to  soften  the  work,  and  render  it  less  able  to  resist  abra* 
sion ;  but  this  evil  cannot  occur  with  a  wide  hearth,  though  it  be  built 
with  vertical  waUs.  Unless,  then,  we  grant  that  the  new  hearth  is 
exempt  from  the  destruction  elsewhere  occasioned  by  the  pressure  and 
descent  of  the  materials  (and  we  are  not  aware  of  any  circumstance  which 
can  warrant  such  an  assumption),  we  are  unable  to  perceive  any  ground 
for  the  alleged  superiority  of  this  description  of  hearth  over  that  com- 
monly in  use  in  Wales  and  Scotland. 

The  statement  that  one-third  of  the  substance  of  the  hearth  and  boshes 
is  carried  away  in  the  first  six  months,  is  very  far  from  being  verified  by 
our  experience.  That  instances  may  have  occurred  in  which  this  quantity 
has  been  removed,  even  in  a  much  shorter  time,  we  are  fully  prepared  to 
allow ;  but  to  maintain  that  such  is  the  rule  rather  than  the  exception  is 
manifestly  incorrect.  It  takes  on  an  average  from  ten  to  twelve  years  to 
carry  away  so  large  a  quantity  of  the  brickwork.  From  the  dimensions 
of  furnaces  built  under  our  own  immediate  superintendence,  we  have 
ascertained  that  the  quantity  of  brickwork  destroyed  after  having  been 
under  blast  four  years  and  three  months,  is  not  more  than  one-sixth  of  the 
original  quantity  in  the  hearth  and  boshes :  and  as  a  proof  that  this  was 
not  carried  away  in  the  first  blowing,  we  may  mention  the  case  of  a  fur- 
nace which  was  blown  out,  after  having  been  in  blast  seventeen  months, 
where  the  loss  was,  if  anything,  still  less  in  proportion  to  the  time  it  had 
been  at  work.  The  work  at  the  junction  of  the  hearth  and  boshes  was 
rounded  off,  but  in  all  other  respects  it  was  so  little  the  worse  for  the 
eighteen  months'  blowing  that  the  furnace  was  put  in  blast  again  without 
ttny  repairs,  and  has  so  continued  since. 
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It  is  maintamed  by  Bome  theoretical  writers  on  iron-making  that  the 
boshes  do  not  wear ;  bat  as  they  disappear  after  a  long  blowing,  it  is  very 
evident  that  they  must  either  wear  or  melt  away.  If  we  admit  that  the 
material  of  which  they  are  composed  melts,  we  mnst  account  for  the 
presence  within  their  compass  of  a  temperature  greatly  above  that 
required  for  fusing  the  ironstone ;  and  as  this  cannot  satisfactorily  be  done, 
we  must  seek  another  explanation  in  the  friction  produced  by  the  passage 
of  the  materials  along  the  ]ralls.  When  the  immense  quantity  of 
materials  which  annually  slides  over  the  boshes  is  taken  into  consid- 
eration, we  are  only  surprised  that  they  last  as  long  as  they  do.  At  a 
moderate  calculation,  each  foot  of  surface  of  the  boshes  is  abraded  by  the 
contact  of  nearly  1000  tons  of  materials  sliding  over  it,  under  a  pressure 
of  2  to  8  tons  per  square  foot,  every  year  of  their  duration. 

No  material  yet  discovered,  available  for  the  construction  of  the  interior 
work  of  blast  furnaces,  can  remain  unaffected  under  such  circumstances. 

It  is  very  rarely  that  opportunities  occur  for  ascertaining  the  amount 
of  wear  of  the  boshes,  for  except  under  some  peculiar  circumstances  a 
furnace  is  not  blown  out  until  they  are  nearly,  if  not  altogether,  de- 
stroyed. Circumstances,  however,  occurred  at  the  Dowlais  works  in  1848 
which  resulted  in  the  blowing  out  of  furnaces  which  had  not  long  been  in 
the  blast,  and  an  opportunity  was  thus  afforded  for  measuring  the  direct 
loss  which  had  taken  place  during  the  period  they  were  under  blast.  In 
one  furnace  which  had  been  in  blast  four  years  and  three  months,  and  had 
averaged  108  tons  weekly  during  that  period,  the  deficiency  was  11 
inches,  measured  at  right  angles  to  the  slope.  This  is  at  the  rate  of  2^ 
inches  nearly  per  year.  At  another  furnace  which  had  been  in  blast  a 
little  more  than  sixteen  months,  the  deficiency,  as  nearly  as  could  be 
measured,  did  not  exceed  three  inches.  In  both  instances  the  wear  was 
very  regular,  the  original  inclination  of  70  deg.  was  maintained,  and  there 
was  a  corresponding  enlargement  in  the  upper  part  of  the  hearth. 

The  duration  of  the  boshes  varies  with  the  quality  of  the  material  of 
which  they  are  built,  and  the  mode  of  working  the  furnace.  From 
twenty-four  blowings  out  by  the  Dowlais  company,  we  find  that  the 
average  duration  of  their  funiaces  was  twelve  years ;  the  longest  period 
during  which  any  one  furnace  was  in  blast  was  seventeen  years,  and  the 
shortest  eight  years ;  the  blowing  out  being  in  each  case  for  repairs  only. 

Tlie  diameter  of  the  furnace  at  the  boshes  has  been  largely  increased 
in  some  localities,  while  in  others  the  size  is  not  greatly  varied  from  that 
prevailing  in  the  last  century.  The  furnaces  of  Staffordshire  are  usually 
10  to  14  feet  diameter ;  those  of  Scotland,  12  to  16  feet ;  the  Welsh 
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anthracite  fnmaceB  are  from  10  to  14  feet ;  while  those  in  other  parts  of 
the  South  Wales  district  range  from  18  to  18  feet  6  inches  in  diameter. 
The  new  furnaces  at  the  Dowlais^  Shjmnej,  Hirwain^  and  Plymouth 
ironworks  are  18  feet  diameter,  and  are  certainly  the  largest  hitherto 
constructed.  But  the  size  of  the  furnace  is  a  mere  matter  of  choice.  If 
they  are  large,  the  consumption  of  materials,  blast,  &c.,  is  in  proportion 
to  the  increased  capacity  and  make;  and  the  cost  of  erecting  is  also 
greater,  though  not  to  quite  the  same  extent.  The  most  advantageous 
dunension  will  be  regulated  by  local  circumstances. 

Furnaces  of  12  to  14  feet  in  diameter  are  preferred  by  some  iron* 
masters  as  befng  more  manageable  than  larger  ones.  But  since  the  con- 
trolling influence  is  exerted  through  mechanical  agents,  we  do  not  see  how 
this  holds  good.  Other  things  being  equal,  quality  or  make  depends  on 
the  descent  of  the  materials,  and  this  being  the  same,  the  time  required 
will  be  the  same  also,  whether  the  furnace  be  large  or  smalL  The  interior 
of  the  hearth  may  be  more  accessible  to  the  workmen ;  but,  after  all,  the 
difference  in  linear  dimension  is  not  great.  In  one  respect,  however^ 
small  furnaces  are  advantageous,  especially  in  small  establishments,  for 
the  manager  has  a  greater  command  over  the  production  of  small  quanti- 
ties of  metal  of  any  particular  quality. 

The  form  of  the  interior  of  the  furnace  from  the  boshes  to  the  throat  ia 
subject  to  no  fixed  rule.  The  usual  form  is  that  of  a  frustum  of  a  cone* 
(Pis.  VIL — XXTT.)  In  some  furnaces  the  interior  is  carried  up  cylindri- 
cally  for  a  short  distance  above  the  boshes ;  but  more  commonly  the  base 
of  the  cone  rests  upon  the  top  of  them.  If  greater  capacity  be  desired,  a 
carved  line  is  substituted  for  the  straight  one ;  the  centre  for  striking  this 
curve  is  generally  on  a  level  with  the  top  of  the  boshes,  and  the  radius  is 
BO  adjusted  that  an  arc  of  a  circle  may  pass  through  the  extreme  diame- 
ters of  the  boshes  and  throat.    (PI.  XV.,  Fig.  83.) 

An  enlargement  of  the  furnace  above  the  boshes  is  considered  by 
some  ironmasters  as  an  improvement,  and  some  furnaces  are  accordingly 
flo  constructed  (see  Pis.  VIL,  IX.,  XII.),  with  the  view  of  increasing  their 
capacity.  This,  however,  is  merely  continuing  the  boshes  into  the  lining 
of  the  furnace,  and,  while  we  admit  the  utility  of  greater  capacity,  we 
doubt  the  expediency  of  so  exposing  any  part  of  the  lining  to  the  destruc- 
tive action  of  the  materials.  Wherever  it  is  done  the  same  wearing 
process  will  go  forward  as  that  which  destroys  the  boshes,  and  conse- 
quently the  linings  will  be  worn  out  nearly  as  soon  as  they  now  are. 
And  the  renewal  of  the  lining  of  a  furnace  is  not  only  a  very  expensive 
operation,  but  is  also  dangerous.    When  the  lining  is  built  vertically,  or 
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with  an  inclination  inwards,  the  wear  is  inconBiderable ;  we  have  not 
found  the  bricke  shortened  more  than  3  or  4  inches  in  furnaces  that  hare 
been  under  blast  twenty  years.  If  greater  capacity  is  desired  than  the 
conical  or  conoidal  form  will  give,  the  object  will  be  best  attained  by 
building  the  furnace  of  an  enlarged  diameter. 

A  large  number  of  the  Scotch  blast  furnaces  are  constructed  with  a 
considerable  part  of  the  interior  cylindrical,  or  only  slightly  coned.  The 
height  of  the  cylindrical  part  is  sometimes,  but  not  generally,  more  than 
twice  the  largest  diameter.  The  body  is  rapidly  drawn  in  at  the  top  to 
the  diameter  of  the  throat,  diminishing  commonly  at  the  rate  of  6  inches 
in  diameter  per  foot  of  height,  until  it  is  reduced  to  7  or  8  feet.  (PL  X., 
Figs.  63—65.) 

The  cylindrical  form,  though  general  in  Scotland,  does  not  in  our 
opinion  possess  any  superiority  in  point  of  make  or  yield  over  others, 
beyond  what  is  due  to  the  greater  capacity  it  afFords*  For  the  same  con- 
sumption of  building  material  it  probably  gives  the  largest  capacity,  and 
in  this  respect  must  be  considered  economical,  besides  which  we  are 
inclined  to  believe  that  the  sudden  enlargement  under  the  throat  is  advan- 
tageous when  raw  coal  of  a  weak  character  is  used. 

There  is  an  opinion  current  in  Scotland  that  the  large  weekly  makes 
obtained  there  are  connected  with  this  form  of  furnace,  but  it  would 
probably  be  more  correct  to  ascribe  them  to  the  fusible  nature  and  rich- 
ness of  the  carbonaceous  ironstone  operated  upon. 

The  diameter  of  the  throat  or  filling  place  is  a  matter  of  the  greatest 
importance  to  the  working  of  the  furnace.  It  influences  the  make  and 
yield  more  than  any  other  dimension ;  and  yet  it  receives  little  attention 
in  designing  the  furnace.  Local  custom  is  generally  considered  the  safest 
guide,  and  yet  it  is  a  matter  which  above  all  others  is  likely  to  cause  loss 
and  create  difficulty  in  the  working  of  the  furnace. 

In  the  old  blas^filmace8  the  top  was  generally  narrow,  the  breadth 
scarcely  averaging  one-fourth  of  the  diameter  of  the  furnace;  and  in 
Staffordshire,  Derbyshire,  and  other  districts,  furnaces  are  still  in  opera- 
tion with  throats  bearing  this  proportion.  In  other  furnaces  in  these- dis- 
tricts a  width  of  one-third  of  the  diameter  at  the  boshes  is  considered 
sufficient.  The  breadth  most  common  in  Scotch  furnaces  erected  or 
altered  within  the  last  twenty-five  years  is  one-half  the  diameter  of  the 
furnace— extended,  however,  in  some  instances  to  as  much  as  two-thirds. 
In  the  "Welsh  district  the  breadth  ranges  from  one  to  two-thirds  of  the 
diameter ;  but  the  proportion  which  prevails  in  the  majority  of  the  "Welsh 
furnaces  is  one-half,  or  nearly  so. 
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Although  it  is  now  generally  admitted  by  smelters  that  with  a  narrow 
throat  a  furnace  will  not  carry  as  much  burden  or  work  as  well  as  with  a 
wider  cme,  the  largest  throats  hitherto  constructed  have  not  exceeded  10 
feet.  Tliis  appears  to  be  considered  as  a  maximum  width.  But  if  the 
enlargement  of  the  throat  from  one-fourth  or  one*third  of  the  diameter  of 
furnace  has  been  productive  of  advantage,  what  is  to  prevent  further 
enlargement  still  leading  to  improved  results. 

With  the  narrow-throated  furnace  formerly  employed  in  smelting,  the 
average  yield  of  coal  to  each  ton  of  pig-iron  was  6  tons.  By  increasing 
the  diameter  of  the  throat  to  one-third  of  that  of  the  furnace,  and  UBing  a 
more  powerful  blast,  4  tons  were  made  sufficient ;  increasing  it  again  to 
one-half,  the  yield  diminished  to  2^  tons.  We  believe  that  after  making 
every  allowance  for  the  operation  of  other  causes,  three-fourths  of  this 
saving  in  fuel  must  be  attributed  to  the  enlargement  of  the  throat,  and 
that  by  continuing  the  enlargement  a  further  saving  might  be  effected. 

In  support  of  this  opinion  we  may  adduce  the  effects  produced  by  a 
narrow  throat  at  one  of  the  Dowlais  furnaces.  The  diameter  of  this  fur* 
nace  at  the  boshes  was  18  feet,  and  it  formerly  worked  with  a  throat  9  feet 
in  diameter.  Bepair  being  necessary,  the  furnace  was  blown  out,  new 
hearth  and  boshes  put  in,  and  a  new  lining  carried  up  beyond  the  boshes^ 
but  on  approaching  the  top  the  curve  of  the  section  of  the  body  was  quick- 
ened, so  that  the  width  of  the  throat  was  reduced  to  6  feet,  or  one-third  of 
the  diameter  of  the  furnace.  Prior  to  the  alteration  this  furnace  had  been 
in  blast  fifteen  years ;  the  average  make  was  90  tons  of  pig-iron  weekly, 
and  consumption  45  cwts.  of  coal  to  the  ton.  After  the  alteration  the 
make  became  irregular,  varying  from  50  to  70  tons ;  the  consumption  of 
coal  rose  to  70,  80,  and  even  90  cwts.  per  ton  of  pig-iron.  The  quality  of 
the  iron  also  was  excessively  bad,  and  the  loss  of  metal  in  the  dense  black 
scouring  cinder  produced  was  very  great.  The  average  yield  of  coal  with 
this  narrow  throat  was  near  4  tons,  but  if  the  deterioration  in  the  quality 
of  the  metal  be  also  taken  into  account,  the  consumption  may  be  fairly 
considered  as  just  twice  the  quantity  which  would  have  sufficed  with  a 
wider  throat.  Yet  this  proportion  of  throat  is  not  less  than  may  be  seen 
in  numerous  furnaces  in  England. 

As  more  satisfactory  results  could  not  be  obtained,  the  materials  in  the 
furnace  were  let  down  nearly  to  the  boshes,  and  the  upper  portion  of  the 
lining  taken  out  and  placed  farther  back,  and  a  Ihroat  of  the  original 
width — 9  feet — obtained.  With  this  enlarged  throat  the  make  of  the  fur- 
nace has  several  weeks  exceeded  170  tons,  and  for  a  period  of  six  mcmths 
has  averaged  more  than  100  tons,  the  yield  of  materials  being  good. 
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There  was  one  other  circumstance  connected  with  the  working  of  this 
experiment  worth  recording.  Whenever  the  furnace  was  let  down  and 
maintained  at  a  depth  of  7  or  8  feet,  so  that  the  throat  was  practicallj 
enlarged,  partaking  of  the  diameter  of  the  furnace  at  the  level  of  the 
materials,  the  yield  and  make  greatly  improved.  The  former  would  be  as 
low  as  50  cwts.,  while  the  latter  rose  to  80  and  85  tons.  This  circum- 
stance clearly  points  to  the  confined  throat  as  the  cause  of  unsatisfactory 
results.  Other  narrow-throated  furnaces  have  yielded  similar  results  under 
our  observation,  working  better  when  the  surface  of  the  materials  has  been 
kept  a  few  feet  below  the  charging  plates. 

Where  narrow  throats  are  in  use  we  n^ed  only  to  refer  to  the  velocity 
of  the  upward  current  to  find  a  sufiicient  cause  for  the  diminished  reducing 
power  of  the  fuel  in  the  lower  regions  of  the  furnace.  The  volume  of  gas 
produced  there  being  the  same,  the  velocity  of  escape  through  the  throat 
will  be  in  an  inverse  ratio  to  its  area,  and  may  be  calculated  with  suflicient 
accuracy  to  show  the  beneficial  effects  which  must  arise  from  larger 
throats. 

We  have  already  stated  that  a  furnace  18  feet  diameter  at  the  boshes, 
working  up  to  its  full  power,  should  receive  8720  cubic  feet  of  air  per 
minute.  A  portion  escapes  by  leakage,  but  for  our  present  purpose  we 
may  assume  that  this  volume  of  air  actually  enters  the  furnace,  and,  com- 
biniDg  with  the  carbon  of  the  fuel,  ascends  to  the  throat.  To  this  there 
must  be  added  the  carbonic  acid  gas  expelled  from  the  limestone,  and  the 
volatile  matter  escaping  from  the  coal  during  its  coking  in  the  upper 
r^ons.  The  amount  of  these  cannot  be  determined  with  accuracy,  as 
they  vary  with  the  constituents  of  the  fuel,  but  the  total  volume  of  the 
ascending  column  will  not,  at  any  rate,  be  less  than  10,000  cubic  feet  per 
minute.  This  would  be  the  volume  at  the  mean  temperature  of  the  atmos- 
phere, but  the  temperature  of  the  throat  cannot  average  less  than  lOOO''. 
This  increase  of  temperature  increases  the  volume,  according  to  the  law  of 
Maiiotte,  at  the  rate  of  .00208  for  each  degree  of  temperature.  At  the 
temperature  of  1000°,  then,  the  10,000  feet  of  gas  will  be  expanded  into, 
say  30,000  cubic  feet  nearly. 

If  the  18-feet  furnace  is  provided  with  a  9-feet  throat,  the  area  for  the 
passage  of  the  volume  of  heated  gases  will  be  63.6  feet,  and  the  velocity 
of  the  current  will  be  472  feet  per  minute.  Diminish  tlie  diameter  of  the 
throat  to  one-third  of  the  diameter  of  the  furnace — 6  feet — and  the  area 
will  be  28.3  feet,  and  the  velocity  of  the  issuing  gases  1060  feet  per 
minute.  Eeduce  the  diameter  to  one-fourth,  or  4^  feet,  the  area  will  be 
16,9  feet,  and  the  velocity  will  be  increased  to  1868  feet  per  minute. 
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But  tlie  entire  area  of  the  throat  is  not  available  for  the  escape  of  the 
gases.  The  space  occupied  by  the  materials  must  be  deducted.  Con- 
sidering the  comparatively  dense  manner  in  which  the  materials  lie  in  the 
fnmace — ^the  ore  and  broken  limestone  filling  up  the  interstices  between 
the  pieces  of  fuel — ^five-sixtlis  of  the  area  may  be  assumed  to  be  obstructed 
by  the  descending  materials,  and  but  one-sixth  left  for  the  ascending  gases. 
The  area  being  diminished  to  this  extent,  the  velocity  is  increased  in  an 
inverse  ratio,  and  thus  the  velocity  of  escape  with  the  9-feet  throat 
becomes  2830  feet  per  minute ;  with  the  6-feet,  6860  feet  per  minute ;  and 
with  the  4i-feet,  11,208  feet  per  minute. 

Now  1800  feet  per  minute  is  a  high  velocity  for  the  air  entering  the 
fire-place  of  steam-engine  boilers  burning  15  lbs.  of  coal  per  hour  for  each 
square  foot  of  grate.  Yet  in  the  case  of  a  blast  furnace  we  have  the  fuel 
exposed  to  a  much  more  rapid  current  the  instant  it  is  precipitated  into 
the  furnace.  With  the  large-size  throat  the  draught  is  one-third  greater, 
while  with  the  small  size  it  is  five  times  greater  than  that  under  engine- 
boilers.  Exposed  to  such  a  rapid  draught,  then,  can  it  be  a  matter  of 
surprise  that  a  considerable  portion  of  the  fuel  is  consumed  in  the  throat  ? 
or  that  the  temperature  at  the  mouth  of  the  narrow-throated  furnace  is 
higher  than  at  one  having  a  wide  throat  ? 

The  consumption  of  fuel  in  the  throat  by  the  rapid  draught  explains 
the  superior  produce  and  yield  when  the  materials  are  let  down  a  few  feet. 
The  expansion  of  the  furnace  at  the  lower  level  affords  a  larger  area  for 
the  ascending  column  of  gases ;  they  consequently  pass  through  the  upper 
stratum  of  materials  at  a  reduced  velocity,  and  escape  through  the  narrow 
throat  unimpeded  by  the  materials. 

But  a  reduction  of  the  velocity  of  the  current  of  escaping  gases  below 
the  minimum  above  stated — 2880  feet  per  minute — ^would  doubtless  be 
attended  with  beneficial  results.  A  portion  of  the  fuel  now  consumed  in 
the  throat  would  remain  available  for  smelting,  and  the  yield  of  carbon  to 
iron  might  eventually  be  reduced  considerably  below  2  lbs.  of  carbon  to 
1  lb.  of  iron.  "We  observe,  from  a  drawing  of  the  Baerum  charcoal  furnace 
in  Norway,  that  the  throat  is  two-thirds  of  the  largest  diameter.  The  yield 
of  charcoal  is  a  little  more  than  1  lb.  per  lb.  of  iron.  May  not  the  superior 
reducing  power  of  this  furnace  be  partly  attributed  to  the  large  throat? 
for  in  many  other  respects  the  mechanical  arrangements  are  inferior  to 
those  in  use  in  this  country. 

There  is  another  circumstance  well  known  to  smelters  that  may  be 
adduced  as  a  reason  for  enlarging  the  throat.  Furnaces  are  observed  to 
work  remarkably  well  during  the  blowing  out.  This  has  been  seized  on  by 
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some  writers  ss  an  argnment  against  building  furnaces  bo  high  as  is  nsnallj 
done ;  bat  whatever  be  the  height  or  diameter,  several  species  of  ironstone 
require  to  be  in  the  furnace  46  to  48  hours  to  yield  metal  of  pure  quality, 
and  any  reduction  of  capacity  arising  from  a  diminution  in  the  height  will 
be  followed  by  a  similar  reduction  in  the  make.  But  we  believe  that  the 
superior  action  of  the  furnace  during  the  blowing  out  results  firom  the 
diminished  temperature  of  the  upper  layer  of  materials ;  for  the  area  for 
the  passage  of  the  ascending  gases,  constantly  enlarging  as  the  level 
descends,  their  velocity  is  reduced,  a  lower  temperature  prevails,  and, 
consequently,  a  much  larger  proportion  of  the  fuel  is  available  for  reduc- 
tion before  the  blast. 

The  utility  of  at  all  reducing  the  diameter  of  the  furnace  at  top  may 
be  fairly  questioned.  The  throat  appears  to  have  originated  in  an  im- 
pression that  the  famace  could  be  filled  better  through  a  contracted  orifice. 
It  was  supposed  that  the  commingling  of  the  different  materials  so  essen- 
tial to  the  production  of  superior  iron  would  be  accomplished  by  charging 
through  a  narrow  throat,  but  that  wide  throats  did  not  afford  an  equal 
advantage.  However,  the  success  that  has  attended  the  use  of  the  throats 
recently  introduced  has  proved  that  this  is  a  groundless  prejudice. 

By  some  writers  on  iron-making  the  contraction  is  asserted  to  be  bene- 
ficial, inasmuch  as  it  retains  the  heat,  and  thus  prevents  a  waste  of  fuel. 
Others  advocate  a  couBiderable  arching  of  the  top  on  the  score  of  its 
reflecting  the  heat  back  on  the  materials.  This  principle  was  carried  to 
its  full  extent  at  the  Wingermouth  furnaces,  but  was  abandoned,  and  the 
furnaces  altered  to  the  usual  form,  giving  us  good  ground  for  presuming 
that  the  economy  of  fuel  and  other  advantages  anticipated  from  it  were 
not  realised.  With  respect  to  the  concentration  of  the  heat  at  top  or  its 
refl!ection  on  the  materials,  it  should  be  remembered  that  the  maintenance 
of  a  high  temperature  at  the  top  involves  the  consumption  of  a  portion  of 
the  fuel  in  a  region  where  it  can  be  of  no  service,  and  only  impairs  its 
eflSciency  in  the  lower  regions. 

The  important  effect  of  a  cool  top  on  the  produce  and  yield  of  the 
furnace  is  understood  by  some  ironmasters,  but  the  means  by  which  they 
accomplish  this  desideratum  are  original.  Instead  of  widening  the  throat 
— the  true  remedy — ^they  use  wetted  coke  when  the  top  is  working  hot 
In  the  vaporisation  of  the  water  thus  introduced  into  the  furnace  a  portion 
of  the  fuel  is  consumed,  but  not  so  much  as  would  be  lost  by  the  higher 
temperature. 

Tlie  injurious  effects  which  result  from  a  narrow  throat  are  not  pro- 
duced to  an  equal  extent  in  all  furnaces.    The  temperature  of  the  top  will 
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depend  in  a  great  measure  on  the  inflammability  of  the  fiiel.  Coke  or 
charcoal  will  remain  comparativelj  unimpaired  by  a  draught  which  would 
partially  consume  coal.  The  evils  engendered  by  a  narrow  throat  are 
consequently  most  apparent  in  coal-fed  furnaces. 

As  far  as  regards  canvenierice  of  filling  the  narrow  throat  is  certainly 
superior,  but  when  economy  of  materials,  quality  of  metal,  and  weekly 
produce  are  at  stake,  mere  considerations  of  convenience  to  the  fillers  must 
give  way.  Let  the  width  be  largely  increased,  and  no  real  difficulty  will 
be  met  with  in  properly  filling  the  materials. 

We  are  of  opinion  that  the  time  is  not  distant  when  the  contracted  top 
will  be  altogether  abandoned,  and  the  interior  wall  of  the  furnace  be  built 
vertically  from  the  boshes  upwards.  (PI.  XTTI.,  Fig.  84.)  By  such  a 
construction  a  minimum  temperature  would  be  maintained  at  the  surface 
and  throughout  the  upper  stratum  of  the  materials.  The  velocity  of  the 
issuing  gases  would  be  reduced  to  about  600  feet  per  minute — a  draught 
too  slow  for  the  combustion  of  any  portion  of  the  fuel  in  the  upper  regions; 
consequently  the  yield  of  coal  would  improve.  The  diameter  remaining 
constant,  the  capacity  also  would  be  largely  increased,  and  the  make,  with 
a  corresponding  increase  of  blast,  would  be  augmented  in  the  same  ratio. 
Furnaces  of  276  cubic  yards  capacity  would  be  enlarged  to  840,  and  those 
of  a  smaller  capacity  in  a  similar  proportion. 

No  difficulty  need  be  felt  in  filling  such  a  furnace.  The  top  should  be 
snrmoTinted  with  a  tunnel-head  of  the  usual  height,  but  provided  with  a 
greater  number  of  filling  places,  and  instead  of  wheeling  in  the  materials 
as  at  present,  the  filling  should  be  done  with  the  shovel  and  pike.  The 
largest  furnaces  in  use  measure  about  18  feet  in  diameter ;  the  tunnel-head 
of  this  class  would  be  20  feet  in  its  exterior  diameter ;  so  that  the  greatest 
distance  to  which  the  materials  would  have  to  be  thrown  would  not  exceed 
10  feet,  the  average  distance  being  under  4  feet. 

The  height  of  the  furnace  from  the  bottom  of  the  hearth  to  the  level 
of  the  charging-plates  varies  considerably  in  the  diflferent  districts.  The 
anthracite  furnaces  on  the  western  side  of  the  Welsh  district  are  the 
lowest.  The  average  height  of  these  furnaces  is  under  40  feet ;  36  feet  is 
a  general  dimension,  but  there  are  several  under  30  feet.  In  the  central 
and  eastern  portion  of  the  same  district  the  height  ranges  from  42  to  48 
feet.  The  Staffordshire  furnaces  probably  are  more  irregular  in  height 
than  any  other ;  they  range  from  40  to  60  feet,  this  last  being  the  greatest 
height  of  any  furnace  at  work  in  this  country.  In  Derbyshire  the  fur- 
naces are  from  40  to  45  feet ;  and  in  Scotland  from  42  to  46  feet  high. 

Other  things  being  equal,  the  height  of  the  furnace  should  be  regu- 
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lated  by  the  fdsibility  of  the  ore  and  also  by  the  carbon  it  contains.  Iron- 
Btones  devoid  of  carbon,  chemically  and  mechanically,  will  be  smelted 
more  economically  and  be  converted  into  a  superior  description  of  pig-iion 
in  lofty  furnaces ;  but  with  low  furnaces  the  quality  will  be  inferior.  A 
lengthened  exposure  to  the  carburizing  influence  of  the  ascending  gaseous 
products  of  combuBtion  partiaUy  supplies  the  ironstone  with  carbon,  by 
which  its  reduction  in  the  hearth  is  greatly  facilitated.  Siliceous,  calca- 
reous, and  other  ironstones  containing  a  veiy  small  percentage  of  carbonic 
acid,  should  invariably  be  smelted  in  furnaces  above  the  average  height. 

The  argiUaceous  class  of  ironstones,  on  account  of  their  more  fusible 
nature  and  the  large  percentage  of  carbon  mechanically  combined  with 
them,  can  be  reduced  in  furnaces  of  an  average  height.  The  associated 
carbon  possessed  by  all  the  carbonates  of  the  coal  formations  very  much 
facilitates  the  reduction  of  these  ores,  and  unquestionably  improves  the 
quality  of  the  metal.  Wherever  it  is  absent,  the  generally  refractory 
character  of  the  ore  is  well  known. 

The  argillaceous  ironstone  is  smelted  in  the  anthracite  district  in  low 
furnaces,  but  no  sufiScient  reason  has  been  assigned  for  their  use.  The 
limited  scale  on  which  the  operations  were  at  one  time  carried  on  in  this 
district  may  account  in  part  for  the  small  dimensions  of  the  furnaces. 
And  when  the  method  of  smelting  with  anthracite  coal  was  not  so  well 
understood  as  at  present,  it  was  considered  that,  from  the  dense  character 
of  the  coal,  the  blast  would  be  unable  to  penetrate  through  a  column  of 
materials  as  high  as  usual.  There  is  no  doubt,  however,  that  furnaces  of 
the  height  of  those  used  in  other  districts  would  be  more  advantageous. 
This  is  becoming  partially  understood  by  the  proprietors,  and  the  eleva- 
tion in  some  cases  has  been  increased,  as  for  instance  at  the  Ystalyfera 
works,  10  or  12  feet.    (Pis.  X.,  XI.,  Figs.  67,  68.) 

The  very  fusible  nature  of  the  cai'bonaceons  ironstone  and  the  excess 
of  carbon  chemically  and  mechanically  combined  with  it,  render  the  pro- 
duction of  metal  of  good  quality  easy  under  almost  any  circumstances. 
With  the  present  furnaces  it  is  produced  in  about  two-thirds  of  the  time 
required  for  argillaceous  ironstone,  and  in  about  one-half  of  that  necessary 
for  siliceous  ironstone.  Tet  we  observe  that  the  Scotch  furnaces  using 
this  ironstone  are  uniformly  of  a  maximum  height ;  quite  as  high,  indeed, 
as  those  used  in  Wales  for  an  ironstone  melting  at  a  much  higher  tempera- 
ture, yielding  a  less  percentage  of  metal,  and  only  producing  grey  iron 
under  careful  management.  Judging  from  the  character  of  the  ore,  and 
from  the  results  obtained  in  Wales,  the  Scotch  furnaces  appear  unnecessa- 
rily high. 
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No  doubt,  one  cause  for  this  apparently  unnecessary  height  is  that  a  con- 
siderable number  of  the  existing  furnaces  were  originally  constructed  for 
smelting  the  argillaceous  stone  prior  to  the  general  introduction  of  the  car- 
bonaceous variety,  and  these  have  served  as  models  for  the  construction 
of  others  in  more  recent  years.  That  elevation  which  a  long  experience 
had  proved  to  be  the  most  suitable  for  the  argillaceous  was  retained  for 
smelting  the  more  fusible  carbonaceous  ironstone.  Alterations  have  been 
made  in  the  breadth  of  the  hearth  and  diameter  at  boshes  and  throat  to 
meet  the  change  from  coke  to  raw  coal,  and  an  alteration  in  form  might 
also  have  been  made  on  the  change  of  ironstone  with  considerable  advan- 
tage. 

The  use  of  such  high  furnaces  for  the  reduction  of  the  most  fusible 
ironstone  known  is  chai'geable  to  some  extent  with  the  comparatively  high 
consumption  of  coal.  The  fuel  being  of  a  highly  inflammable  nature,  a 
large  portion  of  its  heating  power  is  unprofitably  expended  in  the  upper 
parts ;  the  remainder  suffices  for  the  requirements  of  the  ironstone  already 
surcharged  with  carbon ;  and  thus  the  true  magnitude  of  the  waste  of  car- 
bon going  on  in  these  furnaces  escapes  observation. 


SECTION  IX. 

QUALITY  OP  OBUDE  IRON  AS  AFFECTED  BY  THE  STRUCTURE  AND  COMPOSITION 

OP  THE  OREa 

Thb  rerj  different  behaviour  of  the  yarious  ores  of  iron  in  the  same 
furnace  under  similar  oonditions  of  fdel  and  flnx  as  shown  by  their  greater 
or  less  fnsibility,  and  the  quality  of  the  resulting  metal,  is  a  subject  of 
paramount  importance  to  the  iron-smelter.  Having  witnessed  the  reduc- 
tion of  large  quantities  of  ore  of  nearly  every  description^  and  noted  the 
peculiarities  bearing  on  its  fdsibility,  and  on  the  quality  and  fdsibility  of 
the  resulting  crude  iron,  presented  by  each  in  the  blast  famace,  we  con- 
clude that  the  quality  of  the  iron,  as  estimated  by  the  quantity  of  carbon 
in  combination,  is  directly  dependent  on  the  structural  arrangement  of  the 
ore ;  and  that  the  fusibility  is  dependent  on  the  same  causes,  also  varying 
with  the  percentage  of  associated  carbon. 

It  is  known  to  intelligent  smelters  that  in  its  descent  the  ore  is  deoxi- 
dised, the  oxygen  of  the  02dde  of  iron  combining  with  carbon  forms  car- 
bonic acid ;  in  its  further  descent  the  deoxidised  metal  combines  with  a 
greater  or  less  quantity  of  carbon  from  the  ascending  gaseous  column  and 
is  fused,  uniting  with  a  certain  proportion  of  carbon,  and  finally  falls  into 
the  hearth.  This  quantity  of  carbon  is  absorbed  prior  to  the  descent  of 
the  metal  into  the  lower  hearth.  The  volume  absorbed  at  the  instant  of 
fusion  is  inconsiderable,  therefore  in  our  explanations  it  may  safely  be 
omitted,  and  the  degree  of  carburization  calculated  on  the  supposition 
that  the  entire  quantity  is  absorbed  from  the  gaseous  column  by  the  metal 
while  yet  in  the  ore. 

The  velocity  of  descent  of  the  solid  column  and  the  period  of  exposure 
to  the  carbon  of  the  gaseous  column  being  alike,  the  volume  combining 
will  vary  with  the  surface  of  metal  presented  to  its  action.  If  the  pieces 
of  ore  are  large  and  of  a  dense  structure  and  consequently  impermeable 
to  the  gases,  crude  iron  containing  a  minimum  percentage  of  carbon  will 
be  produced.    The  proportion  of  fuel  to  ore  may  be  largely  augmented,  but 
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under  no  cixx^umBtances  will  the  quality  of  the  resulting  iron  be  superior 
to  the  lowest  white. 

With  ores  of  a  similar  structure,  but  of  smaller  dimensions,  the  quan- 
tity of  carbon  will  be  augmented  in  the  same  ratio  as  the  increased  surface 
of  metal  presented  to  its  action. 

Ores  of  a  high  specific  gravity  and  yielding  a  large  percentage  of 
metal  when  in  pieces  of  large  dimensions,  produce  crude  iron  of  the  lowest 
quality ;  whilst  with  smaller  pieces  the  degree  of  carburization  is  aug- 
mented, but  cannot  be  carried  above  an  inferior  white. 

On  the  other  hand,  ores  of  a  low  specific  gravity,  but  yielding  a  high 
percentage  of  metal  when  in  pieces  of  a  medium  size,  produce  crude  iron 
containing  the  largest  amount  of  carbon. 

The  richest  hematites  and  ores  of  a  similar  dense  structure  produce 
iron  having  a  minimum  degree  of  carburization,  for  in  consequence  of 
their  high  specific  gravity  and  the  absence  of  volatile  matters  in  their 
composition  a  comparatively  small  surface  of  metal  is  presented  to  the 
action  of  the  gases'  of  the  ascending  colunm.  The  quality  is  improved 
when  the  surface  is  augmented  by  diminishing  the  size  of  the  ores  to  the 
lowest  practicable  limits  compatible  with  its  complete  reduction  and  the 
free  action  of  the  fmnace.  It  may  be  further  improved  by  reducing  the 
velocities  of  the  descending  solid,  and  ascending  gaseous  columns.  The 
volume  of  carbon  combining  may  be  taken  as  inversely  as  the  velocities ; 
hence  with  diminished  velocities  the  degree  of  carburization  is  higher,  but 
the  weekly  produce  from  the  same  furnace  is  reduced.  On  the  Continent 
the  production  in  charcoal  furnaces  of  superior  irons  from  rich  ores  of  a 
dense  structure  is  accomplished  by  reducing  their  dimensions  and  propor- 
tioning the  velocities  of  the  respective  columns  to  the  requirements  of  the 
case. 

The  superior  quality  of  the  crude  iron  smelted  from  the  densest  ores 
of  certain  continental  districts,  as  compared  with  the  iron  obtained  from 
similar  ores  smelted  in  this  country,  is  generally  considered  as  due  to  the 
different  qualities  of  the  fuels  employed.  While  it  must  be  conceded  that 
the  quality  of  the  fuel  has  an  important  bearing  on  that  of  the  resulting 
iron,  and  there  is  every  reason  to  believe  that  the  difference  arises  more 
from  the  mode  of  working  the  furnaces.  Certain  it  is  that,  when  filled 
with  ores  of  varying  dimensions  and  driven  at  the  rate  common  in  this 
country,  the  quality  of  the  metal  produced  from  the  foreign  charcoal  fur- 
naces is  very  little  superior  to  that  produced  from  coke  and  coal  furnaces. 

From  the  carbonates  of  the  coal  formations  iron  of  a  superior  quality 
may  be  smelted.    The  degree  of  carburization  varies  with  the  composition 
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of  the  ores.  With  those  of  the  argillaceous  class  it  is  at  a  medium,  but  will 
be  greater  or  less  according  to  the  percentage  of  metal  and  size  of  the 
pieces  of  ore. 

In  the  absence  of  other  sources  of  information  the  loss  by  calcination 
correctly  indicates  the  fusibility  of  the  ore,  the  volume  of  carbon  taken  up 
under  similar  conditions,  and  the  fusibility  of  the  resulting  cmde  iron. 

The  production  of  a  superior  iron  from  the  argillaceous  ores  is  favoured 
by  their  comparatively  low  percentage  of  metal  and  the  large  volume  of 
gaseous  matter  given  off  during  calcination.  The  extended  area  presented 
by  the  exterior  surfaces  of  the  ore  facilitates  the  deoxidation,  but  when  to 
this  there  is  added  the  surface  created  by  the  distillation  of  its  gaseous 
constituents,  the  facilities  afforded  for  the  absorption  of  carbon  are  im- 
mensely increased.  During  calcination  these  ores  lose  from  20  to  S3  per 
cent,  by  weight  of  gaseous  matters,  principally  in  the  form  of  carbonic 
acid,  which  renders  the  ore  of  an  open,  porous  structure,  permeable  to  the 
carbon  of  the  ascending  column,  and  at  a  moderate  computation  renders 
four  times  the  surface  available  for  deoxidation.  Henc4  the  comparatively 
large  absorption  of  carbon  and  the  fusible  character  of  the  ore  and  result- 
ing metal. 

The  degree  of  carburization  is  carried  fiirthest  with  ores  of  the  car- 
bonaceous class.  Containing  large  quantities  of  carbonaceous  matter,  in 
addition  to  the  carbonic  acid  common  to  all  carbonates,  these  ores  pres^it 
after  calcination  a  maximum  surface  for  deoxidation  and  absorption  of 
carbon.  The  loss  in  this  preparatory  operation  ranges  from  28  to  60  per 
cent.  The  evolution  of  the  latter  quantity  of  gaseous  matter  has  the  effect 
of  multiplying  the  surface  from  ten  to  twenty-fold.  It  is  entirely  owing 
to  the  volatile  character  of  a  moiety  of  its  constituents  and  the  consequ^it 
porosity  of  the  calcined  ore  that  the  rapid  deoxidation  and  large  absorption 
of  carbon  is  effected,  as  shown  in  the  high  velocity  of  the  descending 
column  and  the  amount  of  carbon  combined  with  themetaL 

The  percentage  taken  up  by  ores  of  this  description  is  further  aug- 
mented by  the  larger  space  left  open  for  the  gaseous  column,  causing  it  to 
ascend  with  a  reduced  velocity,  and  to  this  extent  facilitating  the  deoxida- 
tion. The  carbonates  of  the  coal  formations  exclusively  possess  the  prop- 
erty of  thus  augmenting  the  space,  for  although  the  other  ores  may  be 
reduced  in  their  linear  dimensions  so  as  to  offer  an  equally  large  surface 
to  the  action  of  the  gaseous  column,  they  retain  their  original  dense 
structure,  and  by  filling  up  the  interstices  between  the  fuel  and  flux, 
contract  the  area,  thereby  augmenting  the  velocity  of  ascent  and  dimin- 
ishing the  amount  of  carburization. 


QUALITT   OF   CBUDE   IRON   AS    AFFECTED   BY   THE   ORES.  IgQ 

The  fasibility  of  the  respective  ores  is  influenced  in  the  same  manner 
as  the  volume  of  carbon  by  the  surface  of  metal  exposed  to  the  action  of 
the  heat  and  gases,  but  is  modified  to  a  certain  extent  by  the  quantity  and 
character  of  the  associated  earths.  With  ores  similarly  composed  the 
degree  of  fusibility  will  be  directly  as  the  percentage  of  gaseous  constitu- 
ents, and  inversely  as  the  quantity  of  solid  earthy  matter. 

The  percentage  of  gaseous  substances  in  the  ore,  by  determining  the 
amount  of  carbon,  regulates  the  fusibility  of  the  resulting  crude  iron ; 
other  substances  impart  fluidity,  but  in  this  country  carbon  is  the  princi- 
pal modifying  ingredient.  Irons  containing  a  minimum  quantity  are  less 
fusible,  and  exhibit  a  marked  deficiency  of  fluidity  compared  with  those 
more  abundantly  supplied  with  this  body. 

In  extreme  cases  the  quantity  of  carbon  amounts  to  nearly  8  per  cent, 
by  weight  of  the  crude  iron.*  "When  re-melted  the  larger  portion  is 
volatilised,  and  the  fusibility  and  fluidity  are  proportionately  diminished. 
If  again  re-melted,  the  deficiency  of  these  properties  is  still  further  mani- 
fested ;  eventually  the  most  fusible  iron,  by  having  its  carbon  oxydised, 
becomes  difficult  of  fusion  and  devoid  of  its  former  fluidity. 

*  At  first  flight  it  may  geem  surprising  that  this  percentage  can  be  the  cause  of  the  great 
fluidity  and  low  melting  temperature  of  certain  crude  irons,  especially  those  smelted  from  the  car- 
bonaceous ores ;  but  if  the  proportion  be  estimated  by  volume,  it  is  seen  that,  owing  to  the  low 
specific  gravity  of  carbon,  it  forms  nearly  80  per  cent,  of  the  bulk ;  and  nnce  the  fusibility  is 
directly  dependent  on  and  proportionate  with  the  volumes  and  melting  temperatures  of  the  respect- 
ive Ingredients  forming  the  crude  metal,  the  sufficiency  of  this  large  volume  of  carbon  to  produce 
these  cfaaracterisUc  results  must  be  apparent  In  crude  iron  sparingly  supplied,  say  to  the  extent  of 
2^  to  3  per  cent,  the  carbon  forms,  by  volume,  from  9  to  12  per  cent  of  the  entire  bulk. 


SECTION   X- 


THE     HOT     BLAST. 


The  effects  of  the  hot  blast  on  the  manufacture  of  iron  in  this  conntty 
have  been  exaggerated  by  writers.  According  to  the  statement  of  many, 
the  great  redactions  which  have  taken  place  within  the  last  twenty-five 
years  in  the  quantity  of  fuel  and  flux  required  to  smelt  a  given  weight  of 
iron,  and  the  large  increase  of  make  from  the  furnaces,  are  mainly  owing 
to  the  use  of  this  invention.  Without  intending  in  the  least  d^ree  to 
detract  from  the  real  value  of  the  hot  blast,  which  is  unquestionably  very 
great,  we  must  maintain  that  powers  have  been  ascribed  to  it  which  it 
does  not  possess.  It  is  imdeniable  that,  under  certain  circumstances,  the 
hot  blast  has  effected  a  saving  in  the  consimiption  of  fuel,  and  also  aug- 
mented the  weekly  make.  But  the  saving  in  fuel  and  increase  of  make 
due  to  it,  are  not,  in  general,  one-fourth  of  that  which  has  been  asserted  to 
have  been  effected.  Some  have  even  gone  so  far  as  to  state  that,  by  the 
mere  substitution  of  heated  air  for  the  cold  air  formerly  used,  two-thirds 
of  the  coal  requisite  for  smelting  a  ton  of  pig-iron  were  saved  at  the 
Scotch  ironworks — among  others,  the  late  Mr.  Mushet.  Before  the  intro- 
duction of  the  hot  blast  the  consumption  of  coal  at  the  Clyde  works  in 
smelting  is  stated  by  that  gentleman  to  average  7  tons  3  cwts. 

This  appears  to  have  been  tlie  quantity  used  in  the  year  1797,  for  in 
another  part  of  his  work  we  find  the  following :  "  Abstract  of  the  quantity 
of  materials  required  to  manufacture  one  ton  of  pig-iron  at  the  Clyde  blast 
furnace  No.  2,  in  1797 : 


Tona.  Cwto. 

Qfa. 

Lbs. 

Coals  for  coking   .... 

.     7        8 

0 

4 

Ironstone  (raw) 

8         1 

2 

0 

Iron  ore    ..... 

.    0        2 

0 

0 

Limestone        .... 

0      17 

1 

4 

Engine  coals,  including  coals  for  calcining 

.    8       16 

0 

0 

And  then,  to  show  the  saving  effected  by  the  use  of  the  hot  blast,  a 
statement  of  the  consumption  of  materials  to  produce  one  ton  of  iron  in 
1889  is  given  as  follows : 


THE   HOT  BLAST.  171 

ToDM,    Cwts.    Q^ 
Coals  used  to  the  km  of  iron     •  .  .282 

Mine  (calcined)         .  .  .  .  ,262 

Limestone  .  .  .  .  .  .    0      11        2 

The  lapse  of  a  period  of  forty-two  years  showing  us  a  reduction  of  5 
tons  on  the  quantity  of  fuel  required  for  1  ton  of  pig-iron.  This  saving  is 
carried  **  at  once  "  to  the  credit  of  the  hot  blast.  With  all  deference  to 
the  acknowledged  authority  on  matters  connected  with  iron-making  of  the 
late  Mr.  Mushet,  we  must  confess  that  in  our  own  opinion  the  saving  of 
fuel  due  to  the  use  of  heated  air  would  be  more  nearly  represented  by  5 
cwts.  than  5  tons.  For  if  we  are  to  attribute  the  whole  of  this  saving  to 
the  hot  blast,  we  must  also  maintain  that  in  the  forty-two  years  between 
1797  and  1839,  with  the  exception  of  this  single  improvement,  the  iron 
manufacture  remained  stationary.  But  we  know  that  this  was  not  the 
case,  for  during  that  period  very  great  improvements  were  made  in  the 
preparation  of  the  fuel  and  ironstone,  as  also  in  the  furnaces  and  blowing 
engines. 

Were  the  hot  blast  universally  applied  to  furnaces  in  Great  Britain, 
instead  of  to  about  one-half  of  them  only,  it  would  be  more  difficult  to 
distribute  the  credit  of  the  saving  effected  between  the  hot  blast  and  the 
other  improvements  which  have  assisted  in  accomplishing  it ;  but  since 
there  are  numerous  furnaces  to  which  it  has  never  been  applied,  the  prog- 
ress made  with  these  within  the  period  above  mentioned  will  enable  us 
to  approximate  nearly  to  a  correct  judgment.  At  the  Dowlais  furnaces  in 
1791  the  ton  of  pig-iron  was  made  with  the  following  materials : 

Ton&    Cwts.  Qra. 
Coal  for  coking    .  .  .  .  .  .660 

Ironstone  (calcined)  .  .  .  .  .  2      18        0 

Limestone  .  .  .  .  .  .     1        "8        0 

Engine  coal  .  .  .  .  .  .  1      15        0 

Forty  years  afterwards,  namely,  in  1831,  the  hot  blast  having  been 
some  months  in  operation  at  the  Clyde  works  in  Scotland,  the  Dowlais 
furnaces  were  making  one  ton  of  foundry  iron  by  the  consumption  of  the 
following  materials : 

Too&  Cwta.    Qn. 

Coal 2      10        0 

Ironstone  (calcined)  .  .  .  .  2      16        0 

Limestone  .  .  .  .  .  .    0      18        0 

Engine  coal  .  .  .  .  .  0      10        2 

Coal  for  calcining  .  .  .  .062 

From  these  data  we  perceive  that  the  improvements  in  smelting  have 
been  such  that,  while  still  using  cold  blast,  a  reduction  of  three-fifths  of 
the  quantity  of  coal  required  to  smelt  a  ton  of  iron  has  been  effected. 
These  results  having  been  commonly  obtained  before  the  introduction  of 
hot  blast,  in  one  of  the  largest  works  in  Wales,  with  furnaces  which  have 


172  MANUFACTURE   OP   IRON. 

been  blown  with  cold  air  without  intermission  since  their  erection,  we 
must  conclude  that  other  causes  besides  the  use  of  a  heated  blast  have 
shared  in  producing  this  remarkable  saving  of  fueL 

The  use  of  carbonaceous  ironstone,  which  melts  at  a  low  temperature, 
and,  from  its  comparative  freedom  from  earthy  matters,  requires  but  a 
minimum  quantity  of  limestone  for  fluxing,  and  the  enlargement  of  the 
throat  of  the  fiimace  permitting  the  substitution  of  raw  coal  for  coke, 
have  both  materially  contributed  to  reduce  the  consumption  of  coal.  But 
in  almost  every  place  where  it  is  noticed — ^including  Mr.  Blackwell's  lec- 
ture, delivered  before  the  Society  of  Arts,  in  connexion  with  the  Great 
Exhibition  of  1851 — ^the  hot  blast  is  credited  as  the  cause  of  the  dimin- 
ished consumption  of  fuel.  The  enlargement  of  the  throat  from  one-third 
to  one-half  of  the  diameter  of  the  furnace,  in  the  case  of  one  of  the  Dowlais 
cold-blast  furnaces,  as  we  have  already  stated,  was  followed  by  a  reduc- 
tion in  the  consumption  of  coal  from  80  to  45  cwts.  without  referring  to 
the  waste  of  carbon  in  the  coking  process.  Again,  in  the  Welsh  district, 
cold-blast  furnaces,  when  working  entirely  on  carbonaceous  ironstone, 
smelt  with  a  consumption  of  fuel  no  greater  than  that  used  in  the  Scotch 
furnaces.  Yet  we  frequently  see  it  stated  that  it  is  by  the  use  of  the  hot 
blast  that  the  Scotch  ironmasters  are  enabled  to  smelt  tlieir  carbonaceous 
ore.  If  so,  how  then  are  we  to  account  for  the  success  of  the  Welsh  iron- 
master with  a  cold  blast  ? 

The  hot  blast  has  also  been  credited  as  enabling  anthracite  coal  to  be 

successfully  used  as  a  fuel  for  smelting.    The  statement  has  been  repeated 

by  nearly  every  writer,  as  if  the  hot  blast  were  more  necessary  to  this 
kind  of  coal  than  to  others.    But  it  is  now  well  known  that  this  coal  may  be 

advantageously  used  in  smelting  with  a  cold  blast  of  proper  density ;  and 

that  the  iron  so  made  is  decidedly  superior  to  that  smelted  with  a  heated 

blast. 

The  merit  of  augmenting  the  make  in  a  surprising  degree  has  also  been 
attributed,  to  the  hot  blast,  but  not  correctly.  We  allow  that  the  hot 
blast  does  increase  the  make,  but  not  more  than  10  per  cent. 

In  1791  the  average  weekly  make  of  each  of  the  Clyde  ftimaces  ap- 
pears to  have  been  17  tons.  In  1889,  with  the  advantage  of  a  hot  blast, 
but  using  argillaceous  ironstone,  the  make  was  52  tons  weekly. 

At  the  Dowlais  furnaces  the  average  make  in  1791  was  20  tons  wedc- 
ly ;  in  1831  it  had  risen  to  80  tons ;  and  in  1839  to  91  tons,  when  working 
foundry  iron — cold  blast  being  used  through  the  whole  period. 

It  is  through  the  general  use  of  carbonaceous  iron  ores  that  the  com- 
paratively large  make  has  been  obtained,  and  were  a  cold  blast  substi- 
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tuted,  the  redaction  of  make  consequent  upon  the  change  wonld  not 
exceed  one-tenth. 

The  Scotch  furnaces,  using  hot  blast  and  carbonaceous  iron  ore,  yield- 
ing on  an  ayerage  60  per  cent,  of  metal,  average  146  tons  a  week.  Welsh 
cold-blast  furnaces,  smelting  a  much  leaner  and  more  refractory  ore,  have 
averaged  quite  as  much.  Several  of  the  cold-blast  furnaces  at  the  Dowlais 
works  make  170  tons,  and  have  exceeded  190  tons.  The  furnaces  at  the 
Plymoutli  works  are  all  cold  blast,  yet  they  often  exceed  130  tons  a  week. 
With  these  facts  before  him  we  feel  that  the  candid  reader  must 
acknowledge  that  our  statements  respecting  the  exaggeration  of  the 
importance  of  the  hot  blast  are  fully  justified. 

HEATING  HOT  AIB  STOVES. 

With  the  view  of  economising  the  fuel  ordinarily  used  in  heating  the 
blast,  stoves  have  been  constructed  in  some  places  in  which  a  portipn 
of  the  heat  generated  in  the  blast  furnace  has  been  applied  to  this  pur- 
pose. This  plan  was  extensively  adopted  at  the  Ystalyfera  works  (PL 
XXIV.,  Fig.  127),  and  has  lately  been  applied  at  the  Gartsherrie  works. 
At  Ystalyfera  the  stoves  were  placed  at  a  suitable  height  between  the 
fdrnaces,  and  flues  were  made  from  the  furnace  to  them.  A  tall  chimney 
furnished  with  a  damper  was  built  to  each  stove  to  draw  from  the  furnace 
a  sufficient  quantity  of  the  hot  gases  to  impart  the  requisite  degree  of  heat 
to  the  blast. 

By  thus  arranging  the  stoves  so  as  to  heat  them  without  the  usual  coal 
fire,  a  large  saving  was  stated  to  have  been  eflFected.  "  Neither  coal  nor 
labour  was  required,"  and  "  the  working  of  the  furnace  was  not  at  all 
interfered  with."  This  is  the  statement  of  the  proprietors,  after  they  had 
had  some  experience  of  the  working  of  the  new  method. 

In  reference  to  this  plan,  and  our  remarks  are  equally  applicable  to 
other  inventions  of  this  kind,  we  would  ask :  "  If  the  blast  was  heated 
without  the  intervention  of  coal,  from  what  source  did  it  obtain  its  heat  ? " 
There  can  be  no  question  but  that  it  was  derived  from  the  coal  in  the  fur- 
nace. But  then  the  difficulty  arises :  How  was  it  that  such  quantities  of 
heat  could  be  spared  ?  Simply  by  filling  in  a  larger  quantity  of  coal  than 
was  otherwise  necessary. 

There  is  an  error  committed  by  many  patentees  of  improvements  in 
iron-making  which  cannot  be  too  widely  known.  We  frequently  hear  of 
the  "  waste  heat "  of  blast  and  other  description  of  furnaces,  and  if  an 
explanation  is  requested,  it  will  be  found  that  from  tV^^s  to  i^jths  of  the 
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whole  heat  generated  by  the  combustion  of  the  ftiel  is  inclnded  in  the  ternu 
In  each  of  the  different  operations  of  the  mannfactnre  a  certain  quantity 
of  foel  is  used  to  generate  the  necessary  higli  temperature.  Of  this  heat 
the  largest  portion  goes  up  the  chimney,  or  otherwise  escapes  into  the 
atmosphere ;  this  is  considered  as  so  much  ^^  waste  heat."  But  can  the 
reqtdsite  heat,  with  our  present  knowledge  of  combustion,  be  produced 
with  a  less  quantity  ?  Unless  it  can,  the  caloric  escaping  into  the  atmos- 
phere can  no  more  be  considered  as  ^^  waste,"  than  the  calorio  from  the 
chimneys  of  an  engine  boiler,  or  any  other  apparatus  consuming  coal  as 
a  fuel. 

It  is  frequently  observed  by  those  who  have  not  thoroughly  studied 
the  subject,  and  put  the  matter  to  the  test  of  experiment,  ^^  But  this  lost 
heat  may  be  seized  in  its  passage  to  the  atmosphere,  and  turned  to  profit- 
able account."  It  is  here  that  a  great  mistake  is  committed.  For  if  the 
consumption  of  fuel  is  duly  proportioned  to  the  work  to  be  done,  no  con- 
trivance yet  invented  has  ever  enabled  an  ironmaster  to  turn  this  heat,  or 
any  part  of  it,  to  profitable  account  in  serving  a  secondary  purpose,  with- 
out impairing  in  a  corresponding  degree  the  efficiency  of  the  fuel  in  the 
primary  operation. 

This  mistake  was  committed  in  erecting  the  hot-blast  stoves  at  the 
Tstalyfera  works.  The  heat  for  raising  the  temperature  of  the  blast  was 
abstracted  from  the  furnace,  and  the  quantity  which  would  have  been 
consumed  in  the  stove  grate  was  now  added  to  the  necessary  consumption 
of  the  furnace.  If  the  yield  of  coal  had  previously  been  unnecessarily 
large,  sufficient  caloric  could  be  spared  for  this  purpose,  without  greatly 
affecting  the  furnace  operations ;  but  if  not,  the  consumption  must  have 
been  largely  increased. 

In  the  case  now  under  our  notice,  the  gases  were  drawn  off  at  a  depth 
of  about  5  feet  from  the  top  of  the  furnace,  or  one-fifth  of  its  height  at 
that  time.  The  tall  stove-chimney,  together  with  the  pressure  of  the 
ascending  column,  caused  so  strong  an  indraught  that  besides  depriving 
the  coal  of  a  portion  of  its  reducing  power,  the  materials  in  the  part  above 
the  flues  were  robbed  of  the  effect  of  the  ascending  gases,  and  the  smelting 
power  of  the  furnace  was  in  consequence  largely  diminished.  After  a 
time  the  height  of  the  furnace  was  increased  nearly  one-half,  but  the  dis- 
advantages of  this  mode  of  heating  the  blast  were  still  apparent.  We  are 
justified  in  assuming  that  no  saving  of  fuel  was  really  obtained  in  practice, 
from  the  circumstance  that  after  a  lengthened  trial  the  plan  of  abstracting 
heat  from  the  materials  was  abandoned,  and  other  means  were  adopted  for 
heating  the  stoves.    Very  probably  the  consumption  of  coal  in  the  blast 
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fiimaoe  was  angm^ited  to  even  a  greater  degree  than  the  saying  of  fuel 
usually  consumed  in  the  stoves. 

In  the  sections  on  bar-iron  vre  purpose  drawing  the  attention  of  the 
ironmaster  to  a  somewhat  analogous  instance  of  supposed  saving  of  fuel 
in  the  mill  and  forge  operations,  but  which  in  reality  is  equally  founded 
in  error. 

WATER  BLOCKS. 

Mention  has  been  made  in  this  work  of  water  blocks,  breasts,  and 
other  contrivances  (PI.  XXXIII.,  XXXIV.)  for  keepmg  the  brickwork 
around  the  tuyeres  and  cinder-fall  cool.  Hie  necessity  for  these  contri- 
vances has  arisen  with  the  wide  hearth  and  numerous  tuyeres  blowing 
into  it.  With  the  old  narrow  hearth  the  blast  penetrated  to  the  opposite 
side,  but  in  the  modem  enlarged  hearth,  where  the  density  of  the  blast 
has  not  been  correspondingly  increased,  the  result  has  been  that  a  greater 
temperature  is  produced  in  the  immediate  vicinity  of  the  tuyeres  at  the 
expense  of  the  other  portions.  And  this  evil  has  been  further  aggravated 
by  the  substitution  of  two  or  three  pipes  in  each  tuyere-house,  instead  of 
the  single  one  formerly  used.  Thus  a  scattered  blast  is  produced,  creating 
an  intense  heat  in  the  immediate  vicinity  of  the  tuyere,  and  rapidly  de- 
stroying the  brickwork. 

The  water  blocks  and  breasts  were  designed  as  a  remedy  for  this  burn- 
ing of  the  brickwork,  and  wherever  they  have  been  applied  appear  to  have 
been  successful.  But  it  is  a  question  whether  the  saving  in  brickwork 
by  their  use  is  not  more  than  counterbalanced  by  the  extra  consumption 
of  coal. 

We  have  ascertained  experimentally  that  the  quantity  of  water  pass- 
ing through  the  various  tuyeres,  blocks,  &c.,  of  a  furnace,  averages 
about  17  gallons  per  minute.  The  temperature  on  entering  is  45  de- 
grees, and  on  escaping  155  degrees.  Now  to  raise  the  temperature 
of  this  quantity  of  water  110  degrees  requires  the  expenditure  of  rather 
more  than  IJ  lbs.  of  coal.  The  weekly  expenditure  at  the  same  rate 
will  be  nearly  7  tons. 

This  consumption  of  coal  is  not  readily  perceived,  but  it  is  undoubtedly 
going  on.  The  coolness  of  the  breasts  and  tuyeres  is  preserved  by  the 
water  rapidly  abstracting  a  portion  of  the  heat  evolved  by  the  coal,  which 
is  thus  lost  to  the  operations  of  the  furnace. 

The  weekly  cost  of  these  cooling  contrivances  in  coal  being  ascertained, 
a  comparison  may  be  made  with  the  expenses  usually  incurred  with  brick- 
work ;  the  result,  we  anticipate,  will  be  in  favour  of  the  latter. 
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The  application  of  water  breasts  certainly  evinces  much  ingennitj, 
but  the  evils  of  an  intense  beat  around  the  tnjeres  remain  midi- 
minishedy  and  are  to  be  removed  only  by  proportioning  the  density 
and  volume  of  the  blast  to  the  size  of  the  hearth  and  power  of  the 
furnace.  By  due  attention  to  these  points  the  breast  may  be  kept  com- 
paratively cool,  and  a  minimum  consumption  of  fuel  ensured  with  a 
full  weekly  make. 


SECTION   XI. 

EMPLOTMENT    OF    FURNACE    GASES. 

The  economical  application  of  the  combustible  gases  emitted  from  blast 
fbmaces  hae  been  attempted  at  several  works  in  this  country  with  varied 
degrees  of  success.  They  have  been  collected  and  burnt  under  the  boilers 
belonging  to  the  blowing  engines ;  but  in  only  one  instance  have  we  ob- 
served the  engine  working  from  the  heat  given  out  by  the  gases  alone.  A 
quantity  of  coal — in  some  instances  quite  sufiBcient  of  itself  to  keep  the 
engines  going,  if  properly  applied — is  consumed  in  addition  to  the  gases. 

They  have  also  been  applied  to  heating  hot-blast  stoves,  and  with  a 
measure  of  success.  For  this  purpose  they  may  be  used  more  advan- 
tageously than  under  the  boilers.  The  heat  maintained  is  sufficient  for 
this  purpose ;  but  is  not  usually  high  enough  for  the  rapid  generation  of 
steam. 

From  M.  Bunsen's  analysis  of  the  gases  escaping  from  the  Alfreton 
furnace  it  would  appear  that  they  are  capable  of  yielding  81.54:  per 
cent,  of  the  heat  yielded  by  the  fuel  consumed.  The  consumption  of  coal 
in  the  furnace  was  at  the  rate  of  13  tons  17  cwts.  per  24  hours.  At  this 
rate  the  gases  are  capable  of  yielding  as  much  heat  as  would  be  produced 
by  the  combustion  of  11  tons  7  cwts.  of  coal.  If  we  allow  7  lbs.  per  hour 
per  horse  power  as  a  fair  allowance,  they  should  generate  heat  sufficient 
for  maintaining  in  motion  an  engine  of  ISl-horse  power.  The  power 
required  for  compressing  the  air  after  making  ample  allowance  for  friction 
and  waste,  should  not  exceed  70-horse  power,  thus  leaving  a  surplus  of  81- 
horse  power. 

According  to  M.  Bunsen,  the  temperature  which  may  be  attained  by 
the  combustion  of  the  gases  is  3083  deg.,  or,  if  hot  air  is  used  for  the  com- 
bustion, 3632  deg.  Cast-iron  melts  at  2192  deg. ;  and,  consequently,  the 
temperature  capable  of  being  attained  is  amply  sufficient  to  melt  and  work 
the  iron,  in  the  more  advanced  processes. 

But  the  power  actually  realised,  when  the  combustion  of  these  gases 
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has  been  effected  nnder  the  most  favourable  circumstances,  falls  far  short  of 
the  above.  The  calculations  of  the  chemist  on  this  subject  and  the  results 
produced  in  practice  are  widely  different.  The  power  actually  obtained 
is  not  usually  as  much  as  20  per  cent,  of  the  theoretical  quantity  ;  while 
the  temperature  produced  by  their  combustion  is  probably  under  one- 
third  of  that  given  by  M.  Bunsen.  It  is  certain,  at  least,  that  in  no 
instance  in  this  country  has  a  sufficient  heat  been  obtained  for  the  melting 
of  iron,  or  for  any  operation  demanding  a  high  temperature. 

The  cause  of  this  great  discrepancy  between  the  theoretical  estimate  of 
the  analytical  chemist  and  the  results  attained  in  practice  with  the  gases 
from  blast  furnaces,  we  attribute  to  the  generally  limited  acquaintance 
possessed  by  chemists  of  blast-furnace  operations  on  the  one  hand,  and  the 
little  attention  paid  by  the  practical  smelters  to  the  most  efficient  modes 
of  applying  the  gas  to  profitable  use  on  the  other. 

We  readily  admit  that  the  gases  escaping  from  some  blast  furnaces 
may,  with  proper  management,  be  made  to  yield  y'jths  as  much  caloric 
as  that  evolved  in  the  combustion  of  tiie  fuel ;  but  we  dissent  from  the 
generally-received  opinion  that  a  sufficiently  intense  heat  can  be  main- 
tained by  their  combustion  for  the  purposes  of  the  forge,  or  for  the  rapid 
generation  of  steam.  We  are  aware  that  on  the  Continent  of  Europe  the 
gases  have  been  applied  experimentaUy  to  the  melting  of  iron ;  but  the 
value  of  their  use  thus,  on  the  large  scale,  has  yet  to  be  ascertained.  That 
they  have  not  been  yet  utilised,  notwithstanding  the  length  of  time  which 
has  elapsed  since  the  first  experiments  were  made,  and  the  favourable 
opinion  generally  entertained  of  their  value,  appears  unaccountable  to 
theoretical  writers,  and  is  not  unfrequently  quoted  as  evidence  of  the 
backwardness  of  the  state  of  the  manufacture  in  this  country,  and  the 
disinclination  of  ironmasters  generally  to  adopt  ascertained  improvements. 

The  heat  is  produced  by  the  combustion  of  the  carbonic  oxide  and 
hydrogen.  The  proportion  which  these  gases  generally  bear  to  the  entire 
quantity  is  36  per  cent.  Nitrogen  and  carbonic  acid,  neither  of  which 
yields  heat,  are  present  to  the  extent  of  63  per  cent. 

If  the  combustible  gases  are  capable  of  generating  a  temperature  of 
8083  deg.  alone,  the  presence  of  nitrogen  and  carbonic  acid  will  reduce  it 
in  proportion  to  the  quantity  of  them  present.  A  certain  number  of  units 
of  heat  are  generated  by  the  combustible  gases,  but  instead  of  being  con- 
centrated these  units  are  disseminated  through  a  volume  of  other  gases ; 
and  in  consequence  of  this  diffusion  the  temperature  attained  is  inferior 
to  that  necessary  for  the  manipulations  of  the  forge.  The  quantity  of  heat 
generated  remains  unaltered ;  but  the  temperature  attained  decreases  from 
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808$  to  1100  deg.  The  admission  of  atmospheric  air  to  effect  this  com- 
bustion also  augments  the  yolnme,  and  conseqiiently  reduces  the  tempera- 
ture of  the  ignited  gases  still  lower ;  so  that  the  working  heat  cannot  be 
estimated  at  more  than  900  deg. 

This  would  be  amply  sufficient  for  generating  steam  for  the  engines 
and  heating  the  blast ;  but  from  the  dissemination  of  the  units  of  heat 
through  such  a  large  ^ volume  of  gas,  the  quantity  in  contact  with  the 
plate  is  small,  and  the  vaporization  of  the  water  proceeds  at  a  much 
slower  rate  than  with  the  ordinary  coal  fires. 

At  the  Dowlais  works  three  several  experimental  trials  were  made  upon 
the  escaping  gases ;  but  the  temperature  attained  rarely  rose  above  a  dull 
red  heat,  and  the  evaporative  power  of  the  boiler,  as  compared  with  its 
performances  with  a  coal  fire,  was  reduced  nearly  two-thirds. 

At  the  Ebbw  Vale  works  the  gases  were  applied  to  the  engine  boilers, 
and  a  quantity  of  steam  was  thus  generated.  They  have  continued  to  be 
thus  used  since  1848,  and  large  simis  have  been  expended  in  bringing  the 
apparatus  to  its  present  state.  Yet  the  heat  practically  available  is 
insufficient  to  work  the  blowing  engines,  and  a  large  quantity  of  coal  is 
also  consumed  for  this  purpose.  The  same  firm  are  the  proprietors  of  the 
Abersychan,  Victoria,  Sirhowy,  Aberdare,  and  Abemant  works  in  Wales, 
in  each  of  which  the  application  of  these  gases  to  heating  purposes  has 
been  carried  to  a  greater  or  less  extent. 

At  the  Victoria  ironworks  the  gases  are  applied  to  the  boilers  of  the 
blowing  engine ;  but  the  power  generated  is  insufficient,  and  recourse  is 
had  to  coal  fires  to  supply  the  deficiency.  The  consumption  of  coal  in 
the  grates  we  were  unable  to  ascertain;  but  the  heat  produced  by  its 
combustion  was  evidently  causing  the  greatest  evaporation  of  water. 

At  the  Abersychan  works  the  gases  are  collected  and  applied  to  a 
number  of  boilers ;  but  a  nearly  equal  number  are  fired  with  coal.  Some 
of  the  hot-blast  stoves  are  also  heated  by  gas ;  but  the  temperature  of  the 
air  in  those  heated  by  gas  was  under  the  melting  point  of  lead,  whereas  in 
those  with  coal  fires  it  was  above. 

At  the  Sirhowy  works  the  gas  is  also  applied  to  the  engine  boiler ;  but 
the  saving  in  fuel  does  not  appear  great.  A  number  of  the  boilers  were 
using  coal,  and  although  no  means  existed  for  ascertaining  the  exact  pro- 
portion which  the  volume  of  steam  produced  from  the  gas-fired  boilers 
bore  to  that  from  the  coal-fired,  yet,  judging  from  the  number  of  boilers 
which  formerly  sufficed  to  keep  the  engine  going  when  coal  only  was 
used,  we  should  conclude  that  fully  one-half  of  the  steam  was  from  the 
coal-fired  boilers. 
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At  the  Aberdar^  fomaces  the  gases  are  brought  down  and  applied  to 
the  heating  of  five  boilers.  But  as  there  are  six  boilers  with  coal  fires, 
the  insufficiency  of  the  gas  alone  is  very  apparent*  Prior  to  the  applica- 
tion of  gas  at  these  works,  six  boilers  with  coal  fires  sufficed  to  generate 
steam  for  the  engines ;  now  there  are  eleven  at  work.  The  consumption 
of  coal  is  about  14  tons  a  day,  or  6  cwts.  per  ton  of  pig-iron  made  by  the 
furnaces.  Now,  as  5  cwts.  is  a  large  allowance  for^  ordinary  engines,  the 
saving  in  these  works  must  be  very  trifling  indeed. 

At  the  Goloynos  works  the  gas  is  applied  to  heating  the  engine  boil- 
ers ;  the  saving  of  coal  is  reported  as  considerable ;  but  the  consumption 
in  the  coal  fires  maintained  averages  3  cwts.  per  ton  of  pig-iron.  The 
difierence  between  this  and  5  cwts.  may  be  taken  as  the  saving  due  to 
the  gas. 

At  the  Tstalyfera  works  a  number  of  the  engine  boilers  are  heated  by 
gas,  while  others  are  fired  with  coal.  The  hot-blast  stoves  are  also  heated 
with  gas. 

In  the  other  iron-making  districts  the  gases  have  been  applied  to  the 
engine  boilers  and  hot-blast  stoves,  effecting  a  saving  in  every  case,  and 
diminishing  the  consumption  of  coal  formerly  found  necessary  for  com- 
pressing and  heating  the  blast. 

To  make,  however,  a  change  of  apparatus  practically  economical  it  is 
necessary  not  only  that  a  saving  be  eflfected,  but  that  the  saving  be  suffi- 
ciently great  to  compensate  for  the  outlay  upon  the  new  arrangement. 
Where  the  tunnel-head  gas  is  applied  to  raise  steam  a  larger  number  of 
boilers  are  required  than  where  coal  is  employed. 

At  the  Ebbw  Vale,  Abersychan,  Sirhowy,  Aberdare,  Tstalyfera,  and 
other  works  using  the  gas,  the  number  of  boilers  now  in  use  is  nearly 
twice  the  number  which  sufficed  with  coal  fires  only.  The  necessity  of 
having  a  larger  number  of  boilers  shows  most  conclusively  that  the  prac- 
tically available  heating  power  of  the  gases  is  greatly  inferior  to  that 
theoretically  obtained  by  the  analyst. 

The  diminished  evaporative  power  of  boilers  heated  by  the  gas  is  no 
doubt  greatly  owing  to  the  incrustation  formed  on  the  exterior  of  the 
plates.  On  the  flue  surfaces  of  coal-flred  boilers  a  thin  covering  of  soot  is 
deposited,  which  to  some  extent  interferes  with  the  rapid  communication 
of  heat ;  but  with  gas  this  evil  is  greatly  increased,  for  in  a  few  days  an 
incrustation  is  formed  which  at  places  reaches  a  thickness  of  some  inches, 
and,  of  course,  materially  affects  the  generation  of  steam.  It,  consequently, 
is  necessary  frequently  to  clean  the  surfaces  of  such  a  boiler.* 

*  If  a  sufficient  supply  of  atmospheric  air  were  admitted,  these  deposits  would  probably  not  be 
fonned«— -J.  A.  P. 
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The  cost  of  the  necessary  arrangements  for  collecting,  conyeying,  and 
burning  the  gases,  including  the  additional  boiler  power  and  chimney- 
stacks,  amounts  to  about  10002.  per  blast  furnace,  besides  considerable 
current  working  expenses.  To  render  this  outlay  of  capital  profitable,  the 
saving  in  coal  must  be  large — ^larger  than  has  yet  been  accomplished  in 
practice. 

Although  chemists  do  not  hesitate  to  state  that  the  gases  may  be  with- 
drawn from  the  furnace  without  disturbing  the  smelting  operations,  they 
are  not  agreed  respecting  the  level  at  which  it  may  be  done  snccessfuUy. 
And  we  infer,  therefore,  that  it  can  be  best  effected  at  one  point  only,  the 
position  of  which  remains  to  be  discovered. 

In  the  charcoal  furnace  it  appears  that  the  gases,  to  be  of  any  value 
for  heating  purposes,  must  be  withdrawn  from  a  low  level  (probably  at  or 
near  the  boshes)  where  they  are  richest  in  carbonic  oxide ;  their  entire 
withdrawal  at  this  level,  however,  disturbs  the  operations,  by  depriving 
the  superincumbent  materials  of  the  heat  and  gaseous  carbon.  In  these 
furnaces,  therefore,  only  a  portion  of  the  ascending  colunm  can  be  with- 
drawn. It  is  conceded  by  chemists  that  the  entire  withdrawal  of  the  gas 
ascending  in  these  furnaces  would  seriously  disturb  the  operations.  The 
result,  then,  of  the  inquiries  on  furnace  gases  is  merely  certain  statements 
that  a  portion  of  the  gas  may  be  withdrawn  at  some  part  of  the  furnace : 
but  the  quantity  and  exact  position  for  the  withdrawal  are  left  undecided. 
But  in  the  absence  of  evidence  we  are  unable  to  accept  the  statement  that 
while  the  withdrawal  of  the  whole  column  disturbs  the  operations,  the 
withdrawal  of  a  portion  is  wholly  free  from  any  prejudicial  effects.  For 
if  the  loss  of  all  the  carbon  and  caloric  of  the  ascending  column  is  un- 
doubtedly injurious  to  the  operation,  the  loss  of  a  portion,  however  small, 
would  be  expected  to  be  felt,  though,  in  a  less  degree. 

The  gas  escaping  from  charcoal  furnaces  contains  a  minimum  percent- 
age of  combustible  gases,  and  at  the  top  their  value  for  heating  is  too 
small  to  offer  inducements  for  their  collection.  In  the  best-regulated 
charcoal  furnaces  the  carbonic  oxide  does  not  exceed  4  or  5  per  cent^ 
whilst  the  carbonic  acid  forms  80  to  86  per  cent,  of  the  whole.  In  fur- 
naces in  this  country  the  quantity  of  carbonic  oxide  rises  as  high  as  42 
per  cent.,  while  the  carbonic  acid  nearly  disappears.  This  abundance  of 
partially  oxidised  carbon  is  entirely  due  to  the  large  consumption  of  fuel 
in  the  upper  part  of  the  furnace,  of  which  we  shall  speak  more  fully 
hereafter. 

But  since  the  gases  escaping  from  the  surfaces  of  the  materials  in 
British  furnaces  contain  so  large  a  proportion  of  carbonic  oxide  and  so 
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little  carbonic  acid,  thej  are  generally  collected  for  utilisation  from  the 
throat  or  its  immediate  neighbourhood. 

Various  plans  for  collecting  the  gases  have  been  tried ;  the  one  which 
appears  to  answer  best  is  delineated  PL  XXIX.,  Fig.  142.  The  cup, 
which  is  a  funnel-shaped  casting,  equal  in  its  largest  diameter  to  the  throat 
of  the  furnace,  and  4  or  5  feet  deep,  rests  upon  the  top  of  the  furnace  by 
a  flange  round  its  outer  edge.  The  orifice  at  the  bottom  measurcB  from  3 
to  5  feet  in  diameter,  and  is  closed  by  a  conical  casting,  with  the  apex 
upwards.  This  casting  is  suspended  by  a  chain  from  a  lever,  which  is 
counterbalanced  at  the  other  end.  The  materials  are  filled  into  the  cup, 
and  the  workmen,  by  suitable  gearing  aflSxed  to  the  lever,  lower  the  cone, 
and  the  materials  fall  into  the  furnace,  and  the  stopper  is  restored  to  its 
}dace  by  the  counterpoise  on  the  opposite  end  of  the  lever.  The  circular 
space  around  the  funnel  inside  the  furnace,  forms  a  chamber  for  the  recep- 
tion of  the  gas,  from  which  it  is  conveyed  by  brick  tunnels  or  iron  piping 
to  the  place  of  combustion. 

Where  mechanical  appliances  are  employed  in  filling,  this  plan  is 
probably  amongst  the  best  that  can  be  adopted.  It  possesses,  however, 
the  disadvantage  of  reducing  the  available  working  height  of  the  furnace 
to  an  extent  equal  to  twice  the  depth  of  the  casting  at  top.  The  average 
height  of  the  furnaces  where  it  is  in  use  is  42  feet,  consequently  the  work- 
ing height  is  reduced  to  34  feet. 

Another  plan  (PI.  XXIX.,  Fig.  140),  which  has  also  been  extensively 
adopted,  consists  of  a  lid  fitting  closely  to  the  furnace;  this  lid  is  lifted  by 
means  of  a  counterbalance  on  each  occasion  of  charging  materials.  No 
reduction  in  the  working  height  of  the  furnace  is  caused  by  this  arrange- 
ment, but  the  time  during  which  the  throat  is  open  while  the  cover  is 
being  lifted,  the  materials  filled  in,  and  until  it  is  again  shut  close,  is  very 
prejudicial  to  the  quality  of  the  gas.  It  is  commonly  stated  that  no  gas 
passes  while  the  cover  is  up,  but  this  is  an  error ;  the  same  quantity  of  gas 
is  evolved  from  the  furnace  whether  the  cover  be  open  or  closed,  but  if  it 
is  open  a  large  quantity  of  atmospheric  air  also  passes  into  the  pipes, 
increasing  the  bulk  of  the  unprofitable  gases,  and  thereby  reducing  the 
heating  power  of  those  that  are  combustible,  as  well  as  endangering  the 
apparatus  by  causing  a  great  increase  of  temperature  in  the  pipes.  To 
utilise  the  gases  successfully,  it  is  therefore  a  matter  of  the  greatest  im- 
portance that  the  supply  be  regular,  and  not  subject  either  to  interruption 
or  variation  in  quality. 

A  third  plan  (PL  XXIX.,  Fig.  139)  in  use  at  some  works  is  very 
readily  applicable  to  existing  furnaces.    An  iron  cylinder  of  6  or  7  feet  in 
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depth,  and  6  or  8  inches  smaller  in  diameter  than  the  throat,  is  sunk  into 
the  furnace ;  a  flange  on  the  top,  which  rests  upon  the  brickwork  inside 
the  tunnel-head,  forms  a  joint  and  sustains  the  cylinder.  The  annular 
space  between  the  cylinder  and  furnace  underneath  the  flange  and  above 
the  materials  forms  a  chamber  for  the  ascent  of  the  gases,  which  are  con- 
veyed away  through  a  suitable  pipe  or  tunnel. 

This  plan  also  has  its  disadvantages.  The  duration  of  the  cylinder  is 
subject  to  great  variation.  In  some  cases  it  is  burnt  down  in  two  or  three 
weeks,  and  under  more  favourable  circumstances  seldom  lasts  longer  than 
a  few  months.  The  cost  of  the  cylinder,  and  the  delay  and  expense 
attending  its  so  frequent  renewal,  are  formidable  items  in  the  working 
cost  of  this  plan  for  collecting  gas. 

This  method  is  also  subject  to  the  disadvantage  of  reducing  the  work- 
ing height  of  the  furnace.  The  cylinder  is  kept  full  of  materials,  it  is  true, 
but  they  receive  very  little  heat  while  they  are  in  it,  as  the  hot  gases  are 
drawn  into  the  outside  flues  and  do  not  enter  the  cylinders.  It  must  be 
conceded  that  the  capacity,  and  consequently  the  smelting  power,  of  the 
furnace  is  diminished  by  the  space  occupied  by  the  cylinder  and  chamber 
for  collecting  the  gas.  If  the  cylinder  is  immersed  7  feet,  one-tenth  of  the 
capacity  of  the  furnace  will  be  useless  so  far  as  the  reduction  of  metal  is 
concerned.  The  deficiency  of  smelting  power  is  still  greater  with  the  plan 
first  described. 

A  fourth  plan  (PI.  XXX.,  Figs.  145,  146)  of  collecting  the  gases  is 
considered  by  some  engineers  as  the  least  objectionable.  At  a  convenient 
depth,  generally  8  or  10  feet  from  the  top  of  the  furnace,  an  annular  flue 
is  constructed  around  the  brick  lining,  with  a  number  of  orifices  opening 
downwards  into  the  body  of  the  furnace.  This  plan  leaves  the  form  of 
the  throat  and  the  arrangements  for  filling  imaltered.  From  the  descend- 
ing direction  taken  by  the  orifices  communicating  with  the  furnace,  they 
are  not  liable  to  obstruction  from  the  materials,  and  the  supply  of  gas  is 
probably  more  regular  than  with  either  of  the  other  plans. 

The  admission  of  atmospheric  air  in  certain  proportions  to  the  gases 
produces  an  explosive  mixture.  The  pipes,  and  other  connexions,  are 
therefore  required  to  be  made  air-tight  in  their  joints  to  prevent  the  access 
of  dangerous  quantities  of  atmospheric  air  during  the  collection  and  convey- 
ance of  the  gas  to  the  place  of  combustion.  And  to  reduce  as  much  as 
possible  the  effects  of  an  explosion,  large  flap-valves,  hinged  in  a  sloping 
direction  and  kept  shut  by  their  own  gravity,  are  placed  at  short  intervals 
in  the  pipes  or  flues  for  the  ready  escape  of  the  gases  in  case  of  explosion. 
Yet,  notwithstanding  these  precautions,  the  shattered   brickwork   and 
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broken  chimney-shafts  tell  of  the  destmctive  force  exerted  in  the  ex- 
plosions occnrring  even  in  the  best-managed  establishments. 

To  withdraw  gas  in  sufficient  quantities,  lofby  chimney-shafts  have  been 
erected  at  several  works,  and  it  is  now  pretty  generally  accepted  that 
without  such  chimneys  the  principle  is  not  applicable  to  existing  works. 
The  resistance  occasioned  by  the  great  length  of  the  piping  or  tunnelling, 
through  which  the  gases  are  conveyed  to  the  boilers,  appeanj*to  necessitate 
the  assistance  of  an  additional  draught. 

But  notwithstanding  the  general  opinion  in  favour  of  the  collection 
and  combustion  of  the  gases  for  heating  purposes,  we  question  whether 
any  plan  with  this  object  can  be  made  practicable  without  interfering 
more  or  less  with  the  operations  of  a  furnace  working  with  a  minimum 
yield  of  fuel.  By  the  experiments  made  at  the  Dowlais  furnace  we  found 
the  consumption  of  coal  to  be  sensibly  increased,  while  the  quality  of  the 
iron  was  deteriorated.  In  other  works,  also,  we  have  observed  that  the 
consumption  of  coal  in  the  furnaces  has  increased — in  the  words  c£  the 
attendants,  ^^ The  furnace  does  not  carry  so  good  a  burden;"  and  also^ 
that  the  same  deterioration  in  quality  has  taken  place.  The  advocates  for 
the  utilization  of  the  gases  will  not  readily  admit  these  results,  but  as  they 
are  patent  to  most  practical  men  who  have  had  opportunities  of  observing 
the  working  of  furnaces  both  with  and  without  apparatus  for  the  collection 
of  the  gases,  we  will  endeavour  to  explain  the  cause  of  this  increiased  con- 
sumption of  fuel. 

We  have  already  spoken  of  the  injurious  effects  which  follow  from  the 
contraction  of  the  throat  of  the  furnace,  a  rapid  draught  being  created, 
and  a  pai*tial  consumption  of  the  coal  taking  place  in  a  r^ion  where  its 
combustion  produces  no  useful  effect.  Bearing  in  mind,  then,  that  a 
rapid  draught  at  the  surface  of  the  materials,  no  matter  how  created  or 
maintained,  is  injurious  to  the  smelting  power  of  the  coal ;  the  fact  that 
the  withdrawal  of  the  heated  gases,  necessitating  a  greater  draught  than 
that  usually  produced  by  their  natural  ascent,  will  account  for  the  ad- 
ditional consumption.  The  effect  of  immersing  a  cylinder  into  the  fur- 
nace, or  of  applying  almost  any  other  mode  of  collecting,  is  to  reduce  the 
available  area  for  the  ascent  of  the  gases,  and  thus  to  create  a  rapid  com- 
bustion of  the  upper  stratum  of  coal  which  is  made  up  by  charging  a 
larger  quantity.  To  augment  the  velocity  of  the  current  of  gas  beyond 
that  attainable  by  the  powerful  chimneys  already  alluded  to,  the  density 
and  volume  of  the  blast  have  been  largely  increased  in  several  instances, 
but  this  increase  of  blast,  by  adding  to  the  rapidity  of  the  draught,  has 
still  further  augmented  the  consimiption. 
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The  mode  of  withdrawing  the  gases  through  a  number  of  fines  entering 
the  fnmace  at  a  considerable  depth  from  the  top,  can  hardly  be  otherwise 
than  injuriond  to  the  yield  of  coal  and  working  of  the  furnace.  This 
method  is  in  use  at  several  works,  but  is  evidently  attended  with  an  in- 
creased consumption  of  coal.  The  abstraction  of  the  heated  gases  at  a  low 
d^th  causes  a  partial  combustion  of  the  fuel  next  to  the  flues,  and  de- 
prives the  materials  above  of  the  heat  and  carbon  of  the  ascending  colunm. 
Additional  coal  is,  therefore,  consumed  in  compensation. 

But  the  bad  effect  is  not  confined  merely  to  the  greater  consumption 
of  fuel.  The  quality  of  the  metal  is  deteriorated  as  well.  From  the  com- 
parative coolness  of  the  materials  above  the  fines  the  conversion  of  the 
coal  into  coke  takes  place  far  down  in  the  furnace,  where  the  rapid  evolu- 
tion of  hydrogen,  watery  vapour,  and  other  products  of  distillation,  by 
taking  up  caloric,  reduces  the  temperature  of  the  surrounding  materials 
and  so  disturbs  the  operations  of  the  furnace.  The  expulsion  of  the  water 
and  carbonic  acid  of  the  limestone  also  takes  place  lower  down  ;  and  the 
changes  which  the  ironstone  imdergoes  in  its  descent  commence  at  a  lower 
level,  and  consequently  it  is  a  shorter  time  under  the  carburi^ing  influence 
of  the  gases  and  coal. 

Effects  similar  to  these  result  from  the  withdrawal  of  the  gases  from 
the  surface  of  the  niaterials  by  means  of  closed  tops.  The  diminished 
reducing  power  of  the  coal,  coupled  with  the  practically  reduced  height 
of  the  furnace,  is  followed  by  a  corresponding  deterioration  in  the  make, 
quality  of  the  metal,  and  yield  of  fuel. 

The  employment  of  iron  cylinders  immersed  in  the  throat  of  the  fur- 
nace is  attended  also  by  an  additional  evil  where  raw  coal  is  used.  The 
parallel  form  of  the  sides  retains  the  coal  when  expanded  by  heat,  and  not 
only  is  a  considerable  portion  of  its  power  unprofitably  expended,  but  by 
hanging  in  the  cylinder  for  periods  of  two  or  three  hours,  forming,  as  it 
were,  miniature  scaffolds,  great  irregularities  are  produced  in  the  working 
of  the  furnace.  At  the  Dowlais  works  the  heat  evolved  by  the  combus- 
tion of  the  coal  within  the  cylinder,  together  with  that  produced  by  the 
rapid  draught  in  the  annular  space  between  the  cylinder  and  furnace, 
burnt  down  a  wrought-iron  cylinder  made  of  f-inch  boiler-plate  in  15  or  16 
days.  Where  coke  is  used  as  fuel,  we  have  known  similar  cylinders  to 
last  4  or  5  months ;  but  this  appears  to  be  their  maximum  duration. 

After  a  careful  examination  of  the  various  modes  of  collecting  the 
gases  escaping  from  the  blast  furnaces,  in  use  both  in  this  country  and 
on  the  Continent,  and  having  witnessed  the  alterations  produced  by  each 
on  the  operations  of  the  furnace,  we  are  of  opinion  that  it  is  not  expedient 
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or  profitable  to  control  the  escape  of  the  gases.  We  also  belieye  that  not 
one  atom  of  gas,  nor  one  unit  of  heat  can  be  withdrawn  from  a  fomace 
without  disturbing  the  equilibrium  of  the  smelting.  This  opinion  is,  we 
confess,  at  variance  with  the  statements  of  Continental  chemists.  But  it 
must  be  remembered  that  the  estimates  made  by  those  gentlemen  of  the 
commercial  value  of  the  products  of  combustion  have  invariably  been 
drawn  from  theoretical  calculations  founded  on  laboratory  experiments, 
and  they  also  assume  that  the  gases  may  be  withdrawn  in  quantity  with- 
out injuriously  afiecting  the  smelting.  Practice,  however,  has  proved  the 
incorrectness  of  the  latter  conclusion.  By  calculations  founded  on  data 
equally  insufficient,  the  heat  capable  of  being  attained  by  the  combustion 
of  the  gaseous  products  under  ordinary  circumstances  was  greatly  over- 
estimated, and  in  practice  the  maximum  working  temperature  scarcely 
reaches  a  third  of  the  theoretical  statement.  Altogether,  the  brilliant 
anticipations  formed  of  the  value  of  these  gases  for  heating  purposes  have 
not  been  realised,  and  the  policy  of  collecting  them  for  such  purposes  may 
be  fairly  questioned. 

But  leaving  for  a  moment  the  question  of  withdrawing  the  gases,  let  us 
endeavour  to  ascertain  the  amount  of  the  saving  which  would  be  effected, 
supposing  the  entire  quantity  of  coal  usually  consumed  under  the  blow- 
ing-engine boilers  could  be  dispensed  with.  For  the  purpose  of  this  cal- 
culation we  will  assume  that  the  Dowlais  works  will  present  a  fair  illus- 
tration. The  consumption  of  coal  at  the  blowing  engines  in  those  works 
averages  about  6  cwts.  per  ton  of  pig-iron.  This  coal  is  the  screenings 
from  the  furnace-yard,  and  the  broken  coal  produced  underground  in 
mining  the  large  coal«  and  if  not  used  at  the  engines  would  be  completely 
valueless.  It  is  estimated  by  the  proprietors  as  being  worth  Is.  6d.  per 
ton;  6  cwts.  will  consequently  be  worth  5}  pence,  and  thus  the  total 
saving  at  that  establishment  could  not  exceed  this  amount  per  ton  of  pigs. 
With  the  certainty  then,  that  the  saving  must  be  under  6d.  per  ton,  is  it 
good  policy  to  disturb  the  operations  of  the  furnace,  with  the  certain 
prospect  of  adding  to  their  consumption  of.  coal  ?  It  is  easy  to  ascertain 
the  value  of  the  saving  at  the  engine  boilers,  admitting  that  the  applica- 
tion of  the  gases  is  successfol  in  generating  a  sufficiency  of  steam,  but  we 
cannot  so  readily  estimate  the  effects  upon  the  furnace.  There  is  one 
point,  however,  which  should  be  well  considered  ;  that  is,  that  while  the 
coal  saved  from  the  engine  boilers  is  worth  Is.  6d.  per  ton,  that  additionally 
consumed  in  the  furnace  costs  from  6s.  to  7s.  per  ton.  An  additional 
consumption  of  furnace  coal  of  no  more  than  1  j  cwts.  per  ton  of  iron,  or  3 
per  cent,  on  the  usual  consumption  would  cost  precisely  as  much  as  would 
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be  saved  by  the  Biiccessfal  UBe  of  gas  imder  the  boilers.  But  the  extra 
consumption  occasioned  by  the  abstraction  of  the  gases  greatly  exceeds  1^ 
cwts.,  being  from  3  to  4  cwts.,  or  7  to  9  per  cent.  So  that  upon  this  view 
of  the  case,  by  withdrawing  the  gases  and  depriving  the  materials  of  a 
portion  of  their  value,  a  saving  of  6d.  per  ton  of  iron  is  accomplished  at 
the  engine  boilers,  but  at  the  expense  of  Is.  per  ton  at  the  blast  furnace. 

K  this  question  be  examined  with  regard  to  the  return  for  the  capital 
expended,  the  benefit  to  be  derived  from  the  use  of  gas  will  appear  equally 
trifling.  We  have  already  stated  that  the  additional  outlay  in  boilers, 
piping,  and  other  erections,  averages  lOOOZ.  per  furnace ;  larger  sums  have 
been  expended,  but  we  will  consider  this  as  sufficient.  Estimating  the 
make  at  100  tons  weekly,  the  annual  saving  will  amount  to  5200  six- 
pences, equal  to  130Z.,  a  sum  not  more  than  sufficient  for  interest  and 
working  expenses,  leaving  profit  out  of  the  question,* 

*  The  experience  of  the  ironmastera  of  this  country  is  CTidently  at  yariance  with  the  opinioiiA 
advanced  by  Mr.  Troran.  The  utilisation  of  the  tunnel^head  gases  has  steadily  progressed  during 
the  last  few  years,  and  the  blast  furnaces  at  the  Dowlais  works  have  been  recently  fitted  with  apptt- 
ratns  of  the  most  complete  description  for  collecting  and  burning  their  waste  gas. — Eds. 


SECTION  xn. 

ECX)K01[T  OF  HEATED  AIR  AND  INFLUENCE  EXERTED  BT  THE  FORM  OF 

FURNACE  ON  THE  CONSUMPTION  OF  FUEL. 

The  remarkable  effects  produced  by  a  heated  blast  in  reducing  the 
yield  of  fuel  and  augmenting  the  make  of  metal  in  certain  localities  re- 
quire some  explanation. 

The  late  Mr.  Mushet  in  his  papers  on  iron  and  steel,  Dr.  Thomson  in 
his  report  to  the  British  Association,  and  Dr.  Clark  in  his  paper  read  at 
the  Edinburgh  Society,  attribute  the  inferiority  of  a  cold,  as  contrasted 
with  a  heated  blast,  to  the  cooling  effects  of  the  former ;  thus  giving  rise 
to  the  very  common  impression  that  the  heat  maintained  at  the  zone  of 
fusion  in  the  hot-blast  furnace  is  more  intense  and  concentrated  than  with 
the  cold  blast. 

This  explanation,  though  generally  adopted,  is  manifestly  very  far  from 
coiTect.  Every  pound  of  carbon,  in  burning  to  carbonic  acid,  evolves  a 
definite  amount  of  heat.  The  time  occupied  in  the  evolution  of  this  heat 
will  depend  entirely  on  the  rapidity  with  which  the  air  can  be  brought 
into  contact  with  the  fuel,  and  the  temperature  attained  will  be  in  direct 
proportion  to  the  rapidity  of  combustion.  K,  then,  sufficiently  powerful 
mechanical  means  are  adopted  for  bringing  the  oxygen  in  contact  with  the 
carbon,  the  highest  temperature  which  it  is  possible  imder  any  circum- 
stances to  produce,  may  be  maintained  in  the  hearth  of  a  cold-blast  fur- 
nace. With  a  dry  cold  blast  the  intensity  of  the  heat  attained  is  evi- 
denced by  the  rapid  reduction  of  the  most  refractory  ores.  How  are  we 
to  reconcile  this  attainment  of  a  maximum  temperature  with  the  assumed 
cooling  effect  of  a  cold  blast  ?  If  the  cold  blast  has  a  cooling  tendency, 
then  surely  the  greater  the  volume  delivered  in  a  given  time  the  more 
rapid  will  be  the  reduction  of  temperature  ;  but  experience  testifies  to  the 
reverse :  an  increase  of  the  volume  is  found  to  be  followed  by  a  corre- 
sponding increase  of  temperature. 

Equally  unsatisfactory  is  the  explanation  that  a  hot  blast  is  better 
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fitted  for  supporting  combuBtion  than  a  cold.  Bat  before  we  can  allow 
this  assumed  superiority  we  must  know  in  what  respect  the  composition 
of  the  hot  differs  from  the  cold  blast.  If  hot  air  supports  combustion 
bAtter  than  cold  the  relative  proportions  of  oxygen  and  nitrogen  compos- 
ing atmospheric  air  must  alter  with  the  accession  of  caloric  ;  or  else  the 
cold  air  contains  some  deleterious  ingredient  which  is  got  rid  of  by  heat- 
ing. But  the  relative  proportions  of  these  gases  are  not  altered,  and  what- 
ever substance  may  be  mingled  with  the  cold  air  exists  to  the  same  extent 
in  the  heated  blast. 

The  expanded  volume  of  the  heated  air  is  supposed  to  be  more  favour- 
able to  perfect  combustion  in  consequence  of  the  enlarged  surface  pre- 
sented by  the  atoms  of  oxygen  for  combining  with  the  carbon.  This  in- 
volves the  supposition  that  the  atoms  of  oxygen  are  themselves  expanded 
by  heat,  whereas  it  is  believed  that  the  expansion  of  gases  by  heat  is  due 
to  the  greater  separation  of  the  individual  atoms  from  each  other. 

The  explanation  which  we  have  to  offer  of  the  superior  effects  of  a 
heated  blast  as  contrasted  with  those  of  a  cold  is  based  upon  our  practical 
experience  of  the  working  of  blast  furnaces  on  both  systems.  From 
numerous  observations,  and  the  results  of  several  experiments,  we  are  dis- 
posed to  ascribe  the  superiority  to  two  separate  causes.  The  first  is,  that 
the  heat  thrown  into  the  furnace  along  with  the  blast  permits  a  corre- 
sponding quantity  of  coal  to  be  withdrawn  from  the  burden  of  materials, 
and  a  proportionate  reduction  in  the  volume  of  blast.  The  effect  is  seen 
in  an  augmentation  of  the  make,  but  not  in  any  saving  of  fuel.  The 
second  cause  is  that  the  reduced  volume  of  blast  and  the  large  amount  of 
heat  which  it  carries  with  it  cause  a  diminished  consumption  of  fuel  in  the 
upper  parts  of  the  furnace,  the  result  being  that  a  quantity  of  fuel  is  saved 
at  the  furnace  greater  than  what  would  be  due  merely  to  tlie  caloric  intro- 
duced by  the  blast. 

In  reference  to  the  first-named  cause,  it  is  obvious  that  if  the  furnace 
be  supplied  with  a  given  quantity  of  heat  with  the  blast  the  natural  result 
will  be  a  reduced  consumption  of  coal  at  the  top,  but  this  reduction  is 
counterbalanced  by  a  consumption  at  the  blast  stoves  equal  in  amount. 
"No  coal,  then,  being  saved,  the  gain  is  simply  limited  to  an  augmentation 
of  make. 

The  augmentation  of  make  is  explained  by  the  well-known  fact  that  a 
reduction  in  the  proportion  of  coal  to  ore  is  followed  by  an  increased  make 
of  iron.  This  holds  good  whether  the  blast  be  hot  or  cold,  but  there 
is  this  difference  in  the  systems :  "With  a  cold  blast  the  reduction  is  fol- 
lowed by  a  change  from  grey  to  white  in  the  quality  of  the  iron.    But 
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with  the  hot  blast,  especially  if  the  ores  hare  a  considerable  qnantitj  of 
carbon,  either  chemicallj  or  mechanically,  combined  with  them,  sach  a 
change  does  not  so  readily  take  place.  K,  however,  the  burden  is  chiefly 
composed  of  hematites  or  siliceons  ores,  any  diminution  in  the  supply  6f 
carbon  is  speedily  felt,  even  with  hot  blast. 

As  partly  illustrating  the  foregoing  statement,  we  may  mention  that 
the  ordinary  yield  of  coal  to  produce  grey  iron  at  the  Dowlais  furnaces, 
with  cold  blast,  is  50  cwts.  per  ton  of  iron,  and  the  make  with  this  pro- 
portion 90  tons  weekly.  On  reducing  the  quantity  of  coal  so  that  the 
yield  averages  40  cwts.,  the  make  increases  to  106  tons,  but  the  quality  of 
the  iron  is  little  above  white. 

"Whenever  the  make  is  very  large  we  find  the  yield  of  coal  low.  At 
the  Cwm  Celyn  furnaces  the  make  occasionally  reaches  240  tons  a  week 
from  a  single  furnace,  Bmelting  argillaceous  ore,  hematite,  and  cmders, 
and  the  yield  of  coal  is  as  little  as  23  cwts.  per  ton  of  iron,  but  the  iron  is 
very  low  in  quality,  and  can  only  be  manufactured  into  the  coarsest  varie- 
ties of  bar-iron. 

From  this  connexion  of  the  make  with  the  yield  of  coal,  elsewhere 
investigated  at  greater  length,  it  would  appear  that  within  certain  limits 
the  total  consumption  of  coal  is  constant  with  the  same  blast,  and  that 
the  make  varies  nearly  in  an  inverse  ratio  with  the  proportion  of  coal  to 
ironstone  and  other  materials  forming  the  burden. 

If,  then,  by  heating  the  blast,  and  so  conveying  into  the  fdmace  an 
amount  of  heat  available  for  reducing  the  ore,  we  are  enabled  to  withhold 
a  portion  of  the  coal,  the  make  will  be  doubly  augmented — first,  by  the 
reducing  power  of  the  additional  caloric  at  bottom;  secondly,  by  the 
reduced  proportion  the  carbon  in  the  materials  charged  bears  to  the  volume 
of  blast.  Estimating  the  make  of  iron  and  yield  of  coal  with  the  cold 
blast  at  100  tons  weekly,  and  40  cwts.  per  ton  of  iron,  respectively,  and 
assuming  the  saving  of  coal  at  the  furnace  and  the  consumption  at  the 
stoves  each  at  5  cwts.,  the  increase  of  make  with  a  hot  blast  may  be  easily 
ascertained.  In  the  first  place,  taking  for  granted  that  the  heat  evolved 
by  the  combustion  of  the  5  cwts.  of  stove  coal  possesses  the  same  reducing 
power  as  an  equal  weight  charged  at  top,  the  make  will  be  increased  by  it 
12J  per  cent.  Secondly,  from  the  reduced  proportion  of  coal  charged 
there  will  be  an  increase  of  14  per  cent. ;  total,  26^  per  cent.  The 
increase  of  make  on  the  substitution  of  a  hot  for  a  cold  blast  is  thus  fairly 
represented ;  but  it  will  be  observed  that  14  per  cent,  of  the  addition  is 
owing  to  the  diminished  proportion  of  coal.  On  a  cold-blast  furnace  this 
diminution  would  be  followed  by  the  same  increase  in  make,  although 
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witii  a  falling  off  in  the  quality  of  the  metal.  Hence  the  hot  blast  is  only 
absolutely  superior  to  the  cold  in  respect  of  make  to  the  extent  of  the 
reducing  power  of  the  heat  thrown  in  with  the  blast.  However,  as  this 
rate  of  production  with  a  diminished  supply  of  coal  is  incompatible  with 
the  obtaining  of  grey  iron,  the  voliune  of  air  entering  the  stoves  is  con- 
siderably diminished,  so  that  the  make  is  not  in  reality  more  than  8  or  10 
per  cent,  higher  than  with  a  cold  blast.  In  Wales,  indeed,  with  the  lean 
argillaceous  ores  the  production  of  grey  iron  of  a  high  quality  from  a 
furnace  on  hot  blast  is  very  little  superior  to  that  from  one  blown  with 
cold  air.  In  the. case,  however,  of  irons  requiring  only  an  inferior  degree 
of  carburization  the  make  is  greatly  in  favour  of  the  hot-blast  system. 

The  superiority  of  the  hot  blast,  slight  as  it  is,  disappears  altogether 
with  certain  classes  of  ores  if  the  quality  of  the  resulting  metal  is  an  ob- 
ject. In  smelting  the  hematites,  siliceous  ores,  and  some  varieties  of  the 
argillaceous  ore,  any  reduction  in  the  quantity  of  coal  shows  itself  by  a 
corresponding  deficiency  of  carbon  in  the  metal.  This  is  not  difficult  of 
explanation.  By  throwing  in  caloric  along  with  the  blast  at  bottom,  a 
quantity  of  the  coal  previously  required  may  be  withheld  at  the  top  with- 
out reducing  the  rate  of  smelting ;  but  as  the  hot  blast  carries  no  carbon 
with  it,  the  gaseous  carbon  available  for  combination  with  the  metal  is 
reduced  in  proportion.  If  the  temperature  of  the  blast  were  elevated  to 
the  melting  point  of  the  ore  the  fuel  might  be  withdrawn  altogether,  with 
the  exception  of  a  quantity  containing  sufficient  carbon  for  combining 
with  the  oxygen  of  the  ore.  But  the  metal  so  obtained  would  be  nearly 
void  of  carbon.  We  conclude,  then,  that  for  every  degree  that  we  elevate 
the  temperature  of  the  blast  a  certain  quantity  of  coal  may  be  saved  from 
the  furnace,  but  the  carburization  of  the  metal  suffers,  and  its  quality  is 
deteriorated. 

With  the  carbonaceous  ores  and  some  varieties  of  those  of  the  argilla- 
ceous class  these  bad  effects  do  not  follow  the  reduction  of  the  coal  charges 
on  the  application  of  a  hot  blast.  This  is  doubtless  owing  to  the  large 
quantity  of  carbon  combined  both  chemically  and  mechanically  with 
them.  Even  if  no  coal  at  all  were  charged,  metallic  iron  of  a  high  quality 
might  be  smelted  from  these  ores  by  the  employment  of  a  blast  heated 
sufficiently  to  melt  them,  their  melting  point  being,  according  to  om*  own 
experiments,  between  1300^  and  14:00''.  Besides  which,  they  do  not  require 
to  be  in  the  furnace  so  long  as  other  kinds  for  the  production  of  grey  iron. 
It  is  obvious,  then,  that  the  make  may  be  largely  augmented  without 
injury  to  the  quality  of  the  iron. 

It  is  probable  that  if  the  requisite  heat  were  communicated  to  the  ma- 
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terials  throngh  the  medinm  of  the  blast  alone— coal  not  being  supplied  to 
the  furnace  at  all — ^the  make  might  be  augmented  beyond  anything  attain- 
able under  the  present  system  of  smelting.  Two-thirds  of  the  quantity  of 
limestone  at  present  used  is  necessary  for  fluxing  the  earths  combined 
with  the  coal.  Consequently  under  this  mode  of  smelting  the  materials 
charged  into  the  furnace  for  the  production  of  a  ton  of  iron  would  only 
weigh  37  cwts. — ^that  is,  35  cwts.  of  ore  and  2  cwts.  of  limestone.  The 
weekly  produce  of  a  medium-sized  furnace  has,  as  we  have  already  stated, 
reached  240  tons,  but  the  consumption  of  solid  materials  exceeded  1000 
tons,  and  the  gross  weight  of  melted  matter  equalled  700  tons  Supposing 
the  materials  to  consist  of  fusible  carbonaceous  ore  and  a  minimum  dose 
of  limestone,  and  the  consumption  to  be  equally  large,  the  make  of  iron 
under  the  proposed  system  would  be  nearly  600  tons  weekly.  But  taking 
into  consideration  the  richuess  of  the  carbonaceous  ore,  its  comparatiye 
freedom  from  earthy  matter,  and  the  low  temperature  at  which  it  melts, 
we  venture  to  predict  that  the  time  is  not  distant  when  a  weekly  make 
of  800  to  1000  tons  will  be  as  common  as  150  to  200  tons  under  the  pres- 
ent system. 

The  proposal  to  smelt  these  ores  without  the  employment  of  fuel  in  the 
furnace  may  at  first  sight  appear  chimerical,  but  a  careful  consideration 
of  all  the  circumstances  will  probably  lead  the  intelligent  observer  to  a 
different  conclusion.  At  the  end  of  this  section  we  shall  discuss  the 
effects  which  the  altered  mode  of  smelting  would  produce  on  the  quality 
of  the  iron. 

Hitherto  we  have  only  considered  the  effects  of  a  heated  blast  in  aug- 
menting the  weekly  make  of  metal,  imder  circumstances  where  its  appli- 
cation is  not  attended  with  a  saving  of  fuel — that  is  to  say,  where  the  con- 
sumption of  coal  in  the  heating  stoves  is  equivalent  to  the  quantity  saved 
from  the  furnace.  We  will  now  proceed  to  examine  the  superior  effect 
of  a  heated  blast  over  a  cold,  as  exhibited  in  saving  fnel,  that  is,  where 
the  reduction  in  the  furnace  consumption  exceeds  the  quantity  of  coal 
burnt  in  the  stoves. 

We  shall  find  our  most  remarkable  examples  among  the  ironworks  in 
Scotland.  At  the  Clyde  works,  where  the  new  system  was  first  applied, 
the  furnace  consumption  of  coke  per  ton  of  pig-iron  was  reduced  from  60 
to  38  cwts.,  the  consumption  in  the  heating  stoves  amounting  to  5  cwts. 
of  coal.  Here  was  a  clear  saving  of  17  cwts.,  allowing  that  the  calorific 
power  of  the  coke  was  only  equal  to  that  of  the  raw  coal,  though  in  prac- 
tice it  is  considerably  higher. 

In  this  instance  the  superiority  of  a  heated  blast  is  shown  in  the  most 
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marked  manner.    5  cwts.  of  coal  burnt  in  the  beating  stoves  are  of  equal 
value  with  22  cwts.  of  coke  consumed  in  the  blast  furnace. 

Ko  explanation,  that  we  are  aware  of,  has  ever  appeared  of  this  cir- 
cumstance— ^the  very  different  reducing  powers  of  the  coal  consumed  in 
the  furnace  and  that  consumed  in  the  stove ;  and  this  result,  obtained  at 
the  Clyde  furnaces,  is  quoted  as  evidence  of  the  saving  which  follows  on 
the  use  of  heated  air,  and  consequently  of  the  inmiense  value  of  that  in- 
vention. 

On  examining  this  statement,  we  find  that  the  matter  appears  to  stand 
thus :  the  22  cwts.  of  coke  burnt  to  carbonic  acid  in  the  blast  furnace 
evolve  a  certain  quantity  of  caloric ;  and  5  cwts.  of  coal  burnt  to  carbonic 
acid  on  the  stove  grates  evolve  nearly  one-fifth  of  that  quantity ;  but  as 
not  more  than  three-fourths  of  the. quantity  evolved  is  absorbed  by  the 
blast,  it  follows  that  an  amount  of  heat  equal  to  that  produced  in  the  com- 
bustion of  3.75  cwts.  of  coal,  conveyed  into  the  furnace  by  the  tuyere,  is 
equal  in  effect  to  that  of  22  cwts.  of  coke  charged  into  the  throat ;  appar- 
ently, then,  the  caloric  conveyed  into  the  hearth  is  six  times  more  effective 
in  the  reduction  of  the  ore  than  that  produced  there  by  the  combustion 
of  the  coke. 

From  what  cause  does  this  superiority  arise?  Can  it  be  that  one 
pound  of  carbon  burnt  outside  the  furnace  evolves  as  much  heat  as  six 
burnt  inside  ?  Or  is  it  that  of  the  six  pounds  burnt  inside  five-sixths  is 
consumed  at  such  an  elevation,  or  in  such  a  manner  that  it  renders  no 
service  ? 

We  can  very  well  understand  that  the  caloric  communicated  to  the 
materials  through  the  medium  of  a  hot  blast  permits  the  saving  of  an 
equivalent  portion  of  coal  in  the  furnace,  but  in  this  there  is  no  economy. 
When,  however,  we  are  told  that  the  quantity  saved  at  the  furnace-top 
amounts  to  six  times  that  expended  on  the  blast,  the  subject  becomes 
worthy  of  patient  investigation. 

Our  attention  has  been  directed  to  this  point  for  some  years  past,  and 
during  our  residence  at  the  Dowlais  and  Hirwain  works  we  endeavoured 
to  collect  all  the  information  bearing  upon  it  which  these  establishments 
afforded.  At  the  Dowlais  works,  indeed,  the  frequent  alterations  in  the 
burden  on  the  furnaces,  mode  of  blowing,  and  volume  of  blast,  furnished 
valuable  data  for  our  guidance  in  this  inquiry.  Our  observations  at  the 
Dowlais  works  alone  on  the  eighteen  blast  famaces  of  that  establishment 
extended  over  a  period  of  thirteen  years.  We  do  not,  however,  purpose  to 
rely  solely  on  the  information  collected  at  the  Dowlais  and  Hirwain  works, 
but,  as  opportunity  may  serve,  we  shall  bring  forward  the  results  of  ob- 
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servations  on  all  the  iron-making  districts  of  this  country  to  correct  and 
corroborate  the  conclusions  to  which  our  own  practice  has  led  us. 

In  seeking  for  a  satisfactory  solution  of  the  question  before  us,  the  first 
inquiry  is,  what  proportion  of  the  carbon  charged  into  the  furnace  is  burnt 
to  carbonic  acid  in  the  hearth  ? 

For  the  complete  combustion  of  one  pound  of  carbon  nearly  153  cubic 
feet  of  atmospheric  air  is  theoretically  required.  This  is  the  quantity 
necessary,  supposing  that  all  the  oxygen  of  the  air  enters  into  combination 
with  the  carbon ;  but  as  in  practice  this  precision  cannot  be  attained,  we 
may  safely  assume  160  feet  as  a  minimum  supply. 

Knowing,  then,  the  consumption  of  carbon  and  supply  of  air  in  a  given 
time  to  a  blast  furnace,  we  can  ascertain  by  calculation  how  nearly  prac- 
tice assimilates  to  a  chemically  correct  standard  of  perfect  and  profitable 
combustion. 

At  the  Clyde  works,  prior  to  the  use  of  heated  air,  the  weekly  con- 
sumption of  coke,  yielding  87  per  cent,  of  carbon,  was  375  tons.  The  fur- 
naces were  under  blast  156  hours  weekly,  and  the  supply  of  blast  averaged, 
after  allowance  for  leakage,  7140  cubic  feet  of  air  per  minute.  This  sup- 
ply of  air  was  at  the  rate  of  85  cubic  feet  to  each  pound  of  carbon. 

After  the  application  of  a  hot  blast,  the  fuel  used  was  coal,  yielding 
76.5  of  carbon,  the  weekly  consumption  averaged  554  tons,  the  volume  of 
blast  remained  as  before ;  for  each  pound  of  carbon  then  67  cubic  feet  of 
air  was  delivered  into  the  furnace. 

The  four  new  furnaces  of  the  Dowlais  works  bum  weekly  1033  tons 
(long  weight)  of  coal,  containing  above  87  per  cent,  of  carbon.  They  are 
under  blast  156  hours  weekly,  and  receive  during  that  time  upon  an  aver- 
age 21,560  cubic  feet  of  air  per  minute,  or  at  the  rate  of  90  feet  to  the 
pound  of  carbon. 

The  fourteen  other  furnaces  at  the  same  works  have  consumed  3911 
tons  of  coal  in  a  week,  with  77,000  cubic  feet  of  blast  per  minute ;  for 
each  pound  of  carbon  there  were  81  cubic  feet  of  air. 

The  foundry  iron  furnace  at  the  new  furnaces  belonging  to  the  Dowlais 
Company,  blown  with  heated  air,  has  made  as  much  as  130  tons  of  iron  in 
a  week,  with  a  consumption  of  50  cwts.  of  coal  per  ton,  and  a  volmne  of 
blast  averaging  5390  cubic  feet  per  minute.  This  is  equal  to  78  cubic  feet 
to  the  pound  of  carbon. 

The  foundry  iron  furnace  at  the  Hirwain  works,  blown  with  heated  air, 
averages  90  tons  of  pig-iron  weekly,  with  a  consumption  of  34  cwts.  of 
coke,  yielding  94  per  cent,  of  carbon  to  the  ton,  and  a  blast  averaging 
2541  cubic  feet  per  minute.    Dividing  the  volume  of  the  blast  by  the 
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weight  of  carbon  confiumed  for  equal  times  we  find  that  for  each  pound 
there  is  68  cubic  feet. 

The  Bix  blast  furnaces  at  the  Langloan  works,  Scotland,  average  150 
tons  each,  or  900  tons  of  iron  weekly ;  the  average  yield  of  coal  is  38  cwts,, 
yielding  76.5  of  carbon.  The  blowing  engine  delivers  14,824  cubic  feet 
of  blast  per  minute.  The  volume  of  blast  is  at  the  rate  of  44  cubic  feet 
of  air  to  1  lb.  of  carbon. 

At  the  Oartsherrie  works,  Scotland,  eight  of  the  furnaces  are  blown  by 
a  single  engine,  which  delivers  24,335  cubic  feet  of  air  per  minute.  The 
eight  furnaces  make  on  average  1120  tons  weekly,  with  a  yield  of  coal  of 
40  cwts.  to  the  ton.  The  consumption  therefore  is  2240  tons,  containing 
76.5  per  cent,  of  carbon.  At  156  hours  blowing  weekly  the  supply  of  at- 
mospheric air  is  at  the  rate  of  55  cubic  feet  to  each  poimd  of  carbon. 

Messrs.  Playfair  and  Bunsen  in  their  Report  on  the  Oases  of  the  Alfre- 
ton  furnace  state  the  consimiption  of  coal,  containing  by  their  analyses  nearly 
75  per  cent,  of  carbon,  at  31,200  lbs.  per  day  of  24  honrs.  The  blast  of  this 
furnace  is  stated  to  have  been  delivered  by  a  pipe  2.75  inches  diameter,  at 
a  pressure  of  3f  lbs.  per  square  inch,  and  temperature  of  626  degs.  Fahr. 
We  have  ascertained  by  experiments  on  a  large  scale,  that,  after  allowing 
for  expansion  of  the  air,  a  pipe  of  this  bore  delivers  1020  cubic  feet  of  at< 
mospheric  air  per  minute.  Divided  by  the  consumption  of  carbon  in  the 
same  time  we  have  63  feet  of  air  to  each  pound  of  carbon. 

From  what  is  here  advanced  it  is  evident  that  the  quantity  of  atmos- 
pheric air  at  present  thrown  into  the  blast  famace  is  inadequate  to  the 
complete  combustion  of  the  carbon  of  the  fuel.  For  even  assuming  that 
all  the  air  discharged  by  the  tuyere  pipes  is  effectually  decomposed,  and 
yields  up  its  oxygen  to  the  carbon  for  the  formation  of  carbonic  acid,  the 
quantity  is  in  every  instance  insufficient.  The  examples  given  are  not 
selected  on  account  of  their  evidently  great  deficiency,  but  because  we 
happen  to  possess  accurate  data  of  the  consumption  of  fuel  and  volume  of 
blast.  In  the  case  of  the  Scotch  furnaces  the  maximum  quantity  of  air 
stated  is  scarcely  one-third  of  that  theoreticaly  required,  and  even  that  is 
still  further  reduced  by  the  leakage  at  the  tuyeres.  If  the  deficiency  were 
small,  or  if  in  any  instance  there  were  an  excess,  we  might  conclude  that 
the  proportions  were  as  good  as  could  ordinarily  be  obtained  in  practice ; 
but  when  we  find  that  the  entire  supply  varies  from  one-half  to  three- 
fourths  of  the  quantity  absolutely  required,  it  becomes  important  to  ex- 
amine how  combustion  of  the  fuel  can  be  effected  under  such  circum- 
stances. 

It  may  be  objected  that  allowance  ought  to  have  been  made  for  the 
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carbon  combined  with  the  iron,  and  for  that  which  combiner  with  the 
oxygen  of  the  ore ;  but  in  the  furnaces  enumerated  the  ores  smelted  are 
the  carbonates  of  the  coal  formation,  and  in  nearly  every  instance  contain 
a  larger  quantity  of  carbon  than  is  thus  absorbed,  so  that  we  may  fairly 
treat  the  carbon  in  the  fuel  as  so  much  material  for  the  production  of  heat 
by  combustion  with  the  blast. 

In  the  instance  quoted  where  the  largest  proportion  of  air  to  carbon 
obtains,  the  quantity  of  oxygen  is  barely  sufficient  to  form  carbonic  oxide, 
but  the  production  of  this  gas  in  the  zone  of  fusion  inyolves  the  suppositicn 
of  a  temperature  greatly  below  the  melting  point  of  the  ore.  Besides 
which  the  quantity  of  oxygen  received  by  the  Scotch  furnaces  is  not  more 
than  the  half  of  that  necessary  for  the  production  of  this  gas,  and  is  alto- 
gether insufficient  to  enter  into  combination  with  the  carbon  in  any  known 
proportions. 

If  the  volume  of  blast  employed  for  the  respective  furnaces  were  less 
than  that  required  to  produce  the  maximum  degree  of  heat  in  the  combus- 
tion of  the  carbon  present  in  the  hearth,  the  employment  of  a  larger  vol- 
ume should  result  in  an  increase  of  temperature  and  the  production  of  a 
superior  iron.  But,  practically,  it  is  found  that  an  augmentation  of  the 
volume  of  blast  beyond  the  quantities  we  have  quoted  (unless  accom- 
panied by  a  corresponding  addition  to  the  supply  of  fuel)  produces  a  result 
the  very  reverse.  The  temperature  is  reduced,  and  the  iron  is  of  inferior 
quality.  We  can  then  only  conclude  that  the  quantity  of  carbon  charged 
into  the  furnace  is  diminished  during  its  desc^it,  and  that  the  difference 
between  it  and  that  ultimately  available  for  combustion  may  be  fairly 
represented  by  the  difference  between  the  quantity  of  atmospheric  air 
theoretically  required  and  that  actually  found  sufficient  for  the  working 
of  the  furnace. 

Calculated  on  the  quantity  capable  of  being  burnt  to  carbonic  acid  by 
the  oxygen  supplied,  we  find  that  at  the  Dowlais  works,  under  the  most 
favourable  conditions  now  in  operation,  only  66  per  cent,  of  the  coal  enter- 
ing the  furnace  evolves  useful  heat,  and  at  the  Langloan  works  only  27.5 
per  cent.  The  remainder  of  the  coal  consumed  may  be  considered  as 
altogether  unproductive  in  the  operation  of  smelting. 

The  assumption,  however,  that  from  one-half  to  three-fourths  of  the 
present  consumption  of  fuel  is  wasted  must  be  supported  by  other  facts. 
These  we  hasten  to  produce,  and  trust  that  by  their  aid  we  shall  be  able 
to  establish  a  connexion  between  this  waste  and  the  saving  of  fuel  on  the 
employment  of  a  heated  blast. 

From  this  point,  however,  the  inquiry  becomes  inseparably  connected 
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with  fhe  fonn  of  the  interior  of  the  furnace ;  and  embraces  the  combined 
effects  of  a  heated  blast,  and  the  form  of  the  furnace  on  the  economy  of 
fuel  For  the  better  elucidation  of  the  subject  we  will  recapitulate  vari- 
ous deductions  drawn  from  the  proportions  detailed  in  a  former  Section. 

1.  For  the  production  of  grey  pig-iron  from  the  leaner  varieties  of  the 
argillaceous  ores,  the  hematites,  and  silicious  ores,  the  solid  materials  ac- 
cording to  the  present  system  of  working  must  be  in  the  furnace  40  hours. 

2.  If  the  descent  be  accelerated  beyond  this  rate  the  quality  of  the 
resulting  iron  is  deteriorated. 

3.  If  the  stated  proportion  of  carbon  to  ore  and  flux  be  diminished  the 
quality  of  the  iron  is  deteriorated  (a  reduction  from  50  to  42  cwts.  of  coal 
resulting  in  the  production  of  white  iron),  the  make  being  at  the  same  time 
increased  in  nearly  an  inverse  ratio  to  the  yield  of  carbon. 

4.  If  the  volume  of  blast  be  augmented  beyond  that  stated,  the  rate  of 
descent  is  accelerated,  and  is  followed  by  the  production  of  a  less  grey  iron ; 
and  if  largely  augmented,  by  the  production  of  white  iron :  in  either  case 
the  make  is  increased. 

5.  A  reduction  of  the  diameter  of  the  throat  of  the  furnace  is  followed 
by  a  deterioration  in  the  quality  of  the  crude  iron.  But  the  make  in  this 
case  is  not  increased. 

Here,  then,  with  ores,  fuel,  flux,  and  blast,  the  kind  remaining  the  same, 
we  have  a  deterioration  of  the  quality  of  the  metal  from  three  very  differ- 
ent causes — an  incresed  volume  of  blast — a  reduction  in  the  proportion  of 
the  fuel — ^and  a  contraction  of  the  throat  of  the  furnace.  But  if  examined, 
each  of  these  causes  tends  to  reduce  the  quantity  of  carbon  in  the  zone  of 
fusion,  thus  producing  white  iron. 

By  augmenting  the  volume  of  blast  the  temperature  is  for  the  time 
increased,  combustion  of  the  fuel  and  reduction  of  the  metal  proceeds  more 
rapidly,  and  the  descent  of  the  ore  and  coke  is  accelerated  beyond  the  rate 
at  which  the  carbon  can  be  properly  taken  up  by  the  iron.  But  the  mere 
acceleration  of  descent  is  not  the  sole  cause  of  the  rapid  deterioration 
observed  in  the  quality.  The  increased  volume  of  blast  thrown  in  aug- 
ments the  volume  of  the  ascending  column  of  heated  gases,  and  of  course 
in  the  same  ratio  its  velocity.  Hence,  in  the  throat,  the  point  of  exit,  the 
increased  draught  is  followed  by  a  greater  combustion  of  the  easily  inflam- 
mable coal.  It  is  impossible  to  say  with  accuracy  what  proportion  of  the 
coal  is  thus  consumed,  but  when  it  is  considered  that  a  slight  draught  is 
sufficient  for  the  immediate  ignition  of  the  coal,  and  that  the  heat  thus 
generated,  communicated  to  the  ascending  gases  by  expanding  their 
volume,  again  augments  the  draught  and  combustion,  the  probability  is 


198  MAKUFAcnnos  of  iboit. 


tiiat  a  mcAety  cX  the  calorific  powers  oi  the  fdel  is  thus  nnprofitabl j  es- 
peoded. 

A  coDtraction  of  the  throat  nicreascB  the  velocity  of  the  draught  in  aa 
inTerse  ratio  to  the  area  of  the  outlet,  and  is  followed  hj  an  increased  ecMi- 
samption  of  coal,  the  iacrease  being  nearly  in  the  same  ratio  as  the  aug- 
mented Telocity  of  the  ascending  cdlnmn.  This  was  the  case  at  the 
narrow-throated  experimental  funace  at  the  Dowlais  works.  And  in 
examining  the  yields  of  the  rarions  fnmaces  in  that  establishment,  we  find 
that  those  with  the  narrowest  throats  consume  the  largest  quantity  of  coal 
in  proportion  to  the  weight  of  iron  smdted.  Compared  with  each  other, 
also,  we  find  that  the  yield  of  coal  appears  nearly  determined  by  the 
volume  of  blast  delivered  and  the  area  provided  for  its  escape  at  the 
throat. 

The  combustion  of  a  portion  of  the  fuel  in  the  throat  necessarily  sup- 
poses that  a  high  temperature  is  maintained  there  in  coal-fed  fiimace& 
From  observation,  we  are  of  opinion  that,  where  the  throat  is  one-half  the 
diameter  of  the  furnace,  and  the  blast  proportioned  to  the  production  of 
grey  iron,  the  temperature  ranges  between  900  deg.  and  1000  d^.  Fahr. 
In  furnaces  having  a  smaller  throat  the  temperature  is  considerably  higher. 
Doubts  may  be  entertained  as  to  the  existence  of  so  high  a  temperature^ 
but  we  would  simply  direct  attention  to  the  brickwork  of  the  throat  of 
coal-fed  furnaces  as  conclusive  evidence  that  a  very  high  temperature 
prevails.  From  examining  twelve  of  the  Dowlais  furnaces  blown  out  for 
repairs  after  having  been  in  blast  for  periods  varying  from  eight  to  thir- 
teen years,  we  ascertained  that  the  brickwork  at  the  throat  is  destroyed 
much  more  rapidly  than  the  vertical  work  at  the  level  of  the  boshes.  The 
diameter  of  most  of  them  at  the  top  was  one-half  of  that  of  the  body ;  in 
these  the  destruction  of  the  brickwork  in  the  throat  was  more  than  twice 
as  great  as  in  the  lining  above  the  boshes.  In  furnaces  with  narrower 
throats  the  depth  of  brickwork  removed  was  nearly  three  times  as  great  as 
at  the  lowest  part  of  the  lining.  From  the  throat  the  loss  gradually  dimin- 
ished in  the  descent  until  on  arriving  at  the  original  level  of  the  boshes  it 
was  reduced  to  a  minimum. 

The  wear  or  destruction  was  not  so  great  in  the  hot  as  in  the  cold-blast 
furnaces.  This  was  no  more  than  we  expected.  As  a  role  the  materials 
in  the  throat  of  a  hot-blast  furnace  are  colder  than  those  in  the  cold-blast 
furnace.  To  understand  this  apparent  paradox  it  mast  be  remembered 
that  the  heat  maintained  in  the  throat  of  the  furnace  is  not  produced  by 
conduction  from  below,  but  is  the  result  of  a  partial  combustion  of  the 
fuel  which  is  governed  by  the  velocity  of  the  ascending  current,  and  that 
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again  by  the  area  of  escape  and  the  volume  of  gas.  In  the  hot-blast  fur- 
nace the  volume  of  gas  is  less,  and  consequently  the  velocity  of  escape 
less,  in  proportion  as  the  weight  of  blast  is  less  than  that  thrown  into  the 
cold-blast  furnace.  But  the  temperature  is  reduced  in  a  still  greater  de- 
gree. From  the  heat  thrown  in  at  the  bottom  a  smaller  proportion  of  fuel 
is  required  to  be  charged  at  the  top.  Carbon,  therefore,  forms  a  lesser 
portion  of  the  whole  volume  of  materials,  and  consequently  the  tempera- 
tare  maintained  in  the  throat  is  not  so  high.  The  result  being  that  the 
anperiority  of  the  heated  air  is  seen  in  the  reduced  consumption  of  coals, 
as  well  as  in  the  smaller  quantity  of  blast  required. 

The  economy  of  fuel  with  the  heated  blast  is  doubtless  to  a  great 
extent  due  to  the  comparative  coolness  maintained  in  the  throat,  the  con- 
snmption  of  fuel  being  less  in  that  region  than  in  a  cold-blast  furnace.  If, 
then,  we  could  lower  the  temperature  in  the  throat  of  the  cold-blast  fur- 
nace, a  great  economy  of  fuel  would  be  ensured,  and  the  superiority  of 
the  heated  blast  in  this  respect  disappears.  In  support  of  this  opinion  we 
may  adduce  some  remarkable  effects  observed  in  the  working  of  hot-blast 
fnmaces. 

We  have  frequently  noticed  that  when  a  furnace  which  has  been 
working  with  a  heated  blast  and  the  accompanying  reduced  quantify  of 
coal,  is  suddenly  changed  to  a  cold  blast  by  withdrawing  the  fire  from  the 
stoves,  the  descent  of  the  materials  is  accelerated.  For  twenty-four  to 
thirty  hours  after  the  substitution  of  the  cold  blast  the  furnace  makes 
more  iron  with  the  original  burden,  and  no  deterioration  is  to  be  seen  in 
the  quality  of  the  produce.  But  after  that  period  the  rate  of  descent  is 
checked  and  the  quality  changes ;  in  from  thirty-six  to  forty  hours  the  fur- 
nace wiU  have  returned  to  its  original  rate  of  working,  and  the  quality  of 
the  iron  be  deteriorated  to  white.  At  the  end  of  forty-eight  to  sixty  hours 
the  furnace  will  have  settled  down  to  the  usual  rate  of  working  with  a 
cold  blast,  and  the  quality  have  finally  receded  to  that  produced  under 
ordinary  circumstances  with  the  diminished  consumption  of  coal.  If  the 
coal  is  increased  sufficiently  to  keep  the  furnace  with  cold  blast  perma- 
nently on  the  quality  of  iron  it  was  making  before  the  alteration,  the 
make  will  be  diminished  in  the  ratio  that  the  altered  quantity  of  ore  bears 
to  the  whole  of  the  materials  charged. 

When  the  make  with  a  hot  blast  has  averaged  105  tons  a  week  the 
immediate  substitution  of  a  cold  blast  has  temporarily  increased  the  pro- 
duction at  a  rate  equal  to  a  weekly  make  of  115  or  116  tons ;  but  when 
the  increased  quantity  of  coal  added  as  a  compensation  for  the  withdrawal 
of  the  hot  blast  has  taken  effect,  the  make  has  receded  to  96  tons  weekly. 
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With  those  who  hare  not  studied  the  enbject,  and  noticed  the  diS&reat 
effects  prodnced  on  the  furnace,  the  hot  blast  has  the  merit  of  effecting  a 
large  saving  in  the  consamption  of  coal,  and  augmenting  the  weeklj 
produce  in  a  remarkable  degree ;  and  under  circumstances  which  prop^'lj 
ought  ncYcr  to  occur,  the  hot  blast  does  doubtless  effect  important 
changes. 

If  the  heating  of  the  air  were  the  real  cause  of  the  larger  make  and 
greater  economy  of  fuel,  how  is  it  that  the  make  is  augmented  and  the 
economy  greatest  on  substituting  a  cold  blast  under  the  circumstances  we 
have  described  ?  According  to  the  published  opinions  of  the  ablest  advo- 
cates of  the  hot  blast  system,  the  admission  of  large  volumes  of  cold  air 
should  be  attended  with  an  immediate  reduction  of  the  temperature  in  the 
hearth.  But  the  temporary  increase  of  make  is  direct  evidence  that  the 
temperature  is  higher.* 

When  the  whole  of  the  circumstances  are  taken  into  consideration  we 
apprehend  that  the  real  cause  will  appear  evident.  While  the  furnace  is 
working  with  the  heated  blast,  the  burden  having  been  increased  and  the 
quantity  of  blast  reduced,  the  draught  and  consequent  consumption  of  coal 
in  the  throat  and  upper  part  of  the  body  is  diminished.  Of  the  eoal 
charged,  a  greater  proportion  descends  to  the  hearth  and  is  available  for 
combustion,  than  occurs  with  the  larger  consumption  and  cold  blast.  On 
the  substitution  of  the  cold  blast  an  ample  supply  of  carbon  is  present  for 
the  maintenance  of  an  intense  heat,  combustion  proceeds  more  rapidly, 
and  the  quantity  of  metal  reduced  in  a  given  time  is  augmented.  But 
this  improvement  is  local.  With  the  admission  of  the  cold  blast  the  vol- 
ume of  the  ascending  gases  is  augmented,  and  the  draught  created  by  the 
increased  velocity  of  the  current  causes  a  partial  combustion  of  the  coal 
in  the  throat.  Hence  the  proportion  of  carbon  which  subsequently 
descends  to  the  hearth  is  diminished.  The  injurious  effects  resulting  from 
the  consumption  of  carbon  are  not  immediately  seen.  For  the  first  twenty- 
four  or  thirty  hours  the  altered  blast  is  acting  on  the  fuel  which  had 
passed  the  throat  while  the  hot  blast  was  in  operation.  Directly,  how- 
ever, that  the  coal  that  was  in  the  upper  part  of  the  furnace  at  the  time 
of  alteration  reaches  the  zone  of  fusion,  both  cinder  and  iron  alter  in 
appearance.  The  former  changes  from  grey  to  dark  spongy  or  black,  and 
the  latter  from  dark  grey  to  mottled  and  white. 

*  The  temporary  increaBe  of  make,  on  the  substitution  of  a  cold  blast  on  a  famace  preriovalj 
working  with  a  hot  one,  is  known  to  many  furnace  managers,  but  we  have  endeayoured  in  vain  to 
obtain  from  them  a  rational  explanation  of  the  phenomenon.  It  appears,  however,  to  be  unknown 
to  the  numerous  authors  who  have  written  on  the  hot  blast,  for  we  do  not  discoyer  the  slightest  fldlu- 
sion  to  this  important  fact  in  any  of  their  papers. 
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The  conclusion  then  at  "vehich  we  have  anived,  is  that  the  temporary 
improvement  nnder  these  circumstances,  so  mnch  beyond  the  ordinary 
performance  of  a  cold-blast  furnace,  is  due  to  the  comparatively  greater 
volume  of  carbon  presented  to  the  blast,  and  were  the  furnace  so  con- 
structed that  the  coal  could  reach  the  level  of  the  hearth,  suffering  but 
little  diminution  by  the  way,  the  superiority  commonly  accorded  to  the 
hot  blast  would  no  longer  exist 

We  have  stated  that  for  a  period  of  twenty-four  to  thiity  hours  after 
the  change  the  cold  blast  acts  more  advantageously  than  the  hot,  the 
make  of  iron  is  even  greater,  while  the  yield  of  coal  is  not  only  not  aug- 
mented, but  is  actually  reduced  by  the  amount  of  the  consumption  in  the 
stoves  while  the  hot  blast  was  in  action.  Now  as  the  proportionate  quan- 
tity of  coal  consumed  in  the  Dowlais  hot-blast  furnaces  is  but  three-fourths 
of  that  in  the  cold,  the  continuance  of  the  furnace  on  the  hot-blast  burden 
for  a  period  of  thirty  hours  demonstrates  that  at  other  periods  there  occurs 
with  the  cold  blast  a  loss  or  waste  of  fuel  equal  to  one-fourth  of  the  entire 
consumption  beyond  that  occurring  with  the  heated  blast.  And  as  the 
volume  of  air  delivered  into  the  hot-blast  furnace  is  manifestly  incapable 
of  yielding  more  than  nine-sixteenths  of  the  oxygen  necessary  for  the  com- 
bustion of  the  coal  charged,  we  learn  that  of  the  coal  consumed  by  the 
Dowlais  furnaces  considerably  less  than  the  one-half  contributes  to  the 
reduction  of  the  ore  and  flux. 

This  partial  combustion  of  the  fuel  in  a  region  where  the  caloric 
evolved  is  of  no  service,  but  is  decidedly  injurious  to  the  ore,  is  common 
to  all  furnaces  of  the  present  construction.  It  is  most  apparent  in  coal-fed 
furnaces,  and  especially  those  of  Scotland.  After  what  has  been  stated 
respecting  the  Dowlais  furnaces,  which  use  a  less  inflammable  coal,  the 
immense  disproportion  of  coal  to  blast,  and  indeed,  to  the  work  performed, 
which  we  observe  throughout  that  country,  must  be  apparent  even  ^ to  the 
student.  If  more  than  one-half  of  the  coal  used  in  the  Dowlais  furnaces 
is  wasted — and  no  term  can  be  more  appropriately  applied  to  the  coal 
which  is  consumed  in  the  descent — ^what  proportion  of  the  more  inflam- 
mable Scotch  coal  can  be  expected  to  reach  the  zone  of  fusion  in  furnaces 
of  a  construction  even  more  unfavourable  to  economy  of  fuel  than  those 
at  Dowlais  ? 

FuiTiaces  fed  with  coke  are  worked  with  nearly  an  equal  waste  of  fuel. 
For  though  coke  is  not  so  readily  ignited  as  coal,  the  porosity  of  its  struc- 
ture by  offering  a  large  surface  of  carbon  facilitates  the  partial  combus- 
tion, and  during  its  descent  the  loss  is  little  inferior  to  that  with  coal. 

The  waste  of  carbon  in  the  blast  furnace  is  not  confined  to  this  countiy. 
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On  the  continents  of  Europe  and  America  the  confiumption  is  equally 
large.  With  appliances  and  a  construction  of  furnace  nearly  similar  to 
those  in  use  in  this  country  a  superior  economy  of  fuel  is  not  attainable 
at;  home  or  abroad.  Notwithstanding  statements  to  the  contrary  we  find 
that  the  American  and  Continental  furnaces  consume  as  much,  if  not  more, 
coal  and  coke  than  similar  furnaces  at  home,  and  although  the  withdrawal 
of  the  gases  for  economical  purposes  is  largely  practised,  American  hot- 
blast  Anthracite  furnaces  consume  from  2  to  2^  tons  of  an  anthracite  con- 
taining 94  per  cent,  of  carbon,  for  the  production  of  one  ton  of  pig-iron. 

But  in  some  of  the  charcoal  furnaces  we  observe  that  the  consumption 
of  carbon  is  not  thus  in  excess  of  the  blast.  In  such  there  are  not  the 
same  causes  in  action  for  the  partial  consumption  of  the  fuel  during  its 
descent  The  width  of  the  throat  is  large,  and  the  volume  of  blast  on 
account  of  the  defective  machinery  employed  is  very  inferior.  In  proper^ 
tion  to  the  capacity,  the  volume  of  blast  is  not  more  than  one-half  of  that 
employed  in  the  coal  and  coke  furnaces  of  this  coimtry.  Under  these 
fieivourable  conditions  the  ton  of  iron  is  made  with  18  cwts.  of  charcoal, 
but  to  work  to  this  yield  the  furnaces  are  driven  very  slowly.  The 
draught  through  the  throat  is  insufficient  for  the  ignition  of  the  charcoal, 
and  nearly  the  entire  quantity  of  carbon  charged  descends  to  the  hearth 
for  combustion  by  the  oxygen  of  the  blast. 

The  remarkable  effects  produced  by  a  heated  blast  on  coal-fed  furnaces 
are  not  produced  on  charcoal  furnaces;  previously  working  to  the  low 
yield  we  have  named.  A  saving  of  charcoal  certainly  attends  the  appli- 
cation of  a  heated  blast,  but  it  is  not  commensurate  with  the  consump- 
tion of  carbon  in  the  stoves.  Where  the  carbon  is  correctly  proportioned 
to  the  volume  of  blast  and  the  work  to  be  performed  a  given  weight 
converted  into  carbonic  acid  in  the  furnace  is  effectual  in  reducing  a 
greater  quantity  of  ore  than  the  heat  communicated  to  the  blast  by  a 
similar  weight  burnt  in  the  stove  grates. 

To  what  cause  are  we  to  ascribe  the  inability  of  the  hot  blast  to  econo- 
mise fuel  in  the  case  of  charcoal  furnaces  carrying  a  high  burden  ? 

The  structure  of  the  fuel  operated  on  has  been  considered  a  sufficient 
explanation  of  the  widely  different  results  obtained  with  the  heated  blast. 
But  apart  from  the  known  fact  that  with  the  same  fuel  the  cold  blast  is 
for  a  limited  time  under  certain  circumstances  superior,  we  do  not  well  see 
how  the  temperature  of  the  blast  can  be  beneficial  to  one  and  injurious  to 
another  coal.  It  must  be  borne  in  mind  that  whatever  fuel  is  used  its 
temperature  is  elevated  during  the  descent,  and  the  blast  acts  on  carbon 
already  at  a  red  heat    If  a  stream  of  heated  air  were  directed  on  masses 
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of  cold  coal,  coke,  and  charcoal  of  yarying  qualities,  the  Budden  accession 
of  temperature  would  have  very  different  effects.  On  some  of  the  raw 
coal  it  would  cause  a  partial  coking,  on  others  a  total  disintegration ;  on 
coke  it  would  have  little  effect  from  its  porosity  offering  a  large  surface 
for  the  absorption  of  caloric ;  on  the  charcoal  from  its  more  open  texture 
still  less.  But  whatever  kind  of  fuel  is  used  in  the  blast  furnace,  at  or 
before  its  arrival  in  the  hearth,  it  is  converted  by  the  evolution  of  its 
gaseous  constituents  into  a  porous  coke ;  the  softer  coals  from  being  coked 
under  great  pressure  are  of  a  denser  structure  than  they  would  be  if  coked 
prior  to  their  introduction.  The  difference  in  the  densities  of  various 
kinds  of  coke  is  met  by  employing  a  blast  of  greater  or  less  pressure.  At 
the  zone  of  combustion,  then,  the  difference  in  the  structure  of  the 
respective  fuels  is  not  sufficiently  great  to  explain  the  superiority  of  the 
hot  blast  in  particidar  localities. 

Charcoal  has  the  least  density  of  any  fuel  employed  in  iron  smelting. 
If  the  inferiority  of  the  hot  blast  with  this  fuel  is  due  to  its  structure,  it  is 
but  reasonable  to  infer  that  with  the  lightest  cokes  the  saving  will  be  a 
minimum.  But  the  Scotch  coals  when  coked  are  probably  the  lightest  of 
any  used  in  iron-making,  and  yet  it  is  in  Scotland  that  the  application  of 
the  hot-blast  system  produces  the  greatest  saving.  So  that  it  cannot  be 
the  density  of  the  fuel  that  regulates  the  economy  of  the  hot  blast. 

The  superior  smelting  power  of  charcoal  under  the  circumstances 
detailed  has  been  explained  by  a  foreign  writer,  on  the  supposition  that 
the  smaller  dimensions  of  the  coal  conduce  to  a  more  perfect  combustion. 
Instances  were  quoted,  showing  that  in  smelting  with  anthracite  the  eon- 
sumption  of  carbon  is  treble  that  with  charcoal.  As  a  remedy  for  the 
inferiority  of  anthracite  it  was  proposed  to  assimilate  its  dimensions  to 
those  of  charcoal  by  breaking  the  coal  into  small  pieces  of  from  1  to  4 
cubic  inches  each.  But  it  is  well  known  that  coal  tlius  broken  small  can- 
not carry  as  high  a  burden  in  the  present  furnace  as  when  in  larger  pieces. 
Besides,  this  economy  of  charcoal  is  not  observable  in  furnaces  having  a 
narrow  throat,  and  driven  by  a  volume  of  blast,  large  in  proportion  to  the 
area  for  its  escape.  In  the  United  States,  there  are  numerous  furnaces 
consuming  35  cwts.  of  charcoal  to  the  ton  of  iron,  or  nearly  twice  the 
consumption  at  other  furnaces,  where  the  rate  of  driving  is  much  slower. 
"With  similar  ores,  but  different  volumes  of  blast,  the  consumption  of 
carbon  varies  from  18  to  35  cwts.  This  variation  in  the  consumption  with 
different  rates  of  driving  is  evidence  that  in  the  foreign  charcoal-iumace, 
as  well  as  in  our  own  coal  and  coke-fed  furnaces,  a  large  proportion  of  the 
carbon  is  consumed  during  its  descent  without  yielding  any  beneficial 
effect. 
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The  greater  economj  of  fuel  under  certain  conditions  with  a  heated 
blast,  the  snperioritj  of  a  cold  blast  under  special  circumstances^  the 
heayy  burden  of  ore  carried  by  some  charcoal  furnaces,  and  the  universal 
deficiency  of  atmospheric  air  for  the  combustion  of  the  fuel  entering  the 
throat,  clearly  point  to  a  large  consumption  in  the  upper  parts  of  the  fur- 
nace; while  the  maintenance  of  a  high  temperature  in  the  throat,  as 
exhibited  by  the  rapid  destruction  of  the  brickwork,  can  only  be  accounted 
for  on  the  supposition  that  the  coal  is  there  ignited  and  partially  consumed. 
We  submit  our  conclusions  to  the  reader,  begging  his  careful  attention  to 
the  facts  on  which  they  are  based* 

The  rapid  combustion  of  the  coal  in  the  throat  explains  the  greater  re- 
ducing power  of  a  given  weight  of  coal  in  large  blocks,  as  compared  with 
the  same  in  smaller  pieces.  At  the  Dowlais  works  it  is  impossible  to 
make  foundry-iron  with  the  existing  furnaces  when  the  pieces  of  coal  are 
below  a  certain  size.  They  contain  the  same  quantity  of  carbon,  and  on 
arriving  at  the  zone  of  fusion  ought  to  yield  nearly  the  same  heat.  We 
are  well  aware  that  a  blast  acting  on  a  number  of  disjointed  pieces  does 
not  create  so  high  a  temperature  as  when  directed  on  a  single  piece ;  but 
the  greatly  inferior  power  of  the  smaller  pieces  in  the  Dowlais  furnaces 
demands  another  explanation* 

Of  the  combustion  of  a  considerable  portion  of  the  fuel  in  the  vicinity 
of  the  throat  there  cannot  be  a  doubt.  The  depth  of  the  portion  of  each 
piece  consumed  will  be  the  same  whether  they  be  large  or  small,  but  from 
the  extended  surface  presented  by  the  smaller  pieces  in  proportion  to  their 
eubic  contents,  the  quantity  consumed  will  be  greater  in  the  same  ratio. 
If  we  allow  that  the  mean  diameter  of  the  pieces  charged  is  10  inches,  and 
that  one-half  is  consumed  in  the  descent,  the  substitution  of  others  5 
inches  diameter  will  double  the  surface  for  combustion,  and  of  the  car- 
bon charged  fully  three^fourths  will  be  consumed  before  the  hearth  is 
reached. 

The  'remedy  for  this  waste  is  obvious.  Let  the  area  of  the  throat  of  the 
furnace  be  enlai^d.  With  every  enlargement  the  velocity  of  the  ascend- 
ing column  of  gases  will  be  decreased  in  an  inverse  ratio.  The  enlai^ 
ment  may  be  advantageously  extended  until  it  equals  the  diameter  at  the 
boshes,  from  which  point  upwards  the  furnace  would  be  cylindrical.  The 
top  being  from  three  to  nine  times  the  area  of  the  present  throats,  the 
rapid  draught  now  maintained  will  be  reduced  to  a  minimum,  and  the 
partial  consumption  of  coal  will  no  longer  take  place  there. 

The  temperature  of  the  upper  strata  of  materials  will  be  reduced  in  the 
same  ratio  as  the  draught  is  diminished  in  velocity ;  so  that  the  coal  no 
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longer  subjected  to  the  high  temperature  of  the  throat  will  absorb  caloric 
more  gradually,  and  will  not  undergo  that  sudden  transformation  into 
coke  which  involves  its  partial  combustion.  The  full  calorific  powers  of 
the  carbon  being  retained  for  useful  combustion  in  the  hearth,  the 
quantity  of  coal  now  used  in  smelting  may  in  every  instance  be  largely 
reduced.  At  works  where  apparently  a  marked  economy  of  fuel  has  been 
realised,  the  quantity  really  necessary  for  the  reduction  and  carburization 
of  the  ore  is  under  one-half  of  that  actuallv  consumed,  while  in  works 
where  an  equal  economy  has  not  been  practised  the  consumption  is  from 
three  to  four  times  the  quantity  required  by  the  ore.  In  the  case  of  the 
carbonaceous  ores  the  entire  quantity  of  coal  now  used  may  be  withdrawn 
with  every  advantage  to  the  make  of  the  furnace  and  quality  of  the  iron 
produced. 

Li  furnaces  so  constructed  that  the  carbon  of  the  fuel  shall  descend  for 
combustion  at  the  tuyeres,  the  superior  economy  of  the  heated  blast  in 
certain  cases  will  no  longer  exist.  The  cost  of  the  heating  apparatus  and 
expense  of  maintenance  will  be  saved,  and  the  present  furnaces  with 
the  enlarged  throat  and  a  cold  blast  will  smelt  a  greater  weight  of  ore 
with  a  given  weight  of  coal  than  is  now  accomplished  with  the  hot  blast. 
There  will  be  greater  economy  with  the  cold  blast,  inasmuch  that  the 
entire  quantity  of  caloric  evolved  during  combustion  will  be  available  for 
the  reduction  of  the  ore,  instead  of  a  portion  only  as  is  the  case  with  the 
coal  consumed  in  the  heating  stoves. 

With  the  reduced  consumption  of  coal  consequent  upon  the  altered 
form  of  furnace  the  quality  of  the  iron  cannot  be  otherwise  than  greatly 
improved.  All  the  coals  used  in  smelting  contain  sulphur  in  greater  or 
less  quantities,  and,  not  unfrequently,  potash,  and  other  substances 
equally  injurious.  The  quantities  brought  in  contact  with  the  ore  will 
vary  with  the  consumption  of  coal.  If  the  quantity  of  coal  per  ton  of 
iron  is  reduced  one-half,  these  impurities  will  be  diminished  in  the  same 
ratio.  But  if,  as  in  the  case  of  the  carbonaceous  ores  of  Scotland,  the 
entire  consumption  of  coal  is  withdrawn,  from  24  to  36  cwts.  of  sulphur 
will  also  be  withdrawn  weekly. 

The  ashes  of  the  coal  are  liquefied  by  combining  with  a  portion  of  the 
lime  used  as  flux.  If  the  coal  contain  a  considerable  quantity  of  ashes 
the  limestone  required  for  its  fusion  may  be  equal  in  amount  to  that 
required  for  the  earths  combined  with  the  ore.  At  the  Scotch  furnaces, 
when  coking  was  considered  necessary  to  the  production  of  good  iron,  the 
consumption  of  coal  averaged  8  tons  to  the  ton  of  iron.  This  coal  con- 
tained above  6  per  cent,  of  ash,  principally  silica,  amounting  altogether  to 
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nearly  half  a  ton  to  each  ton  of  iron.  For  its  fnsion  an  equal  weight  of 
limestone  was  required,  in  addition  to  that  necessary  for  the  ore.  On  the 
substitution  of  the  more  fusible  carbonaceous  ore,  along  with  an  enlarge- 
ment of  the  filling  throat,  the  consumption  was  reduced  to  38  cwts.  of  raw 
coal ;  the  quantity  of  ash  was  reduced  in  the  same  proportion,  and  the  ton 
of  iron  is  smelted  with  5  cwts.  of  limestone. 

In  the  reports  of  the  British  Association  the  reduced  consumption  of 
limestone  in  the  Scotch  furnaces  is  ascribed  to  the  use  of  a  heated  blast. 
It  is  difficult  to  see  such  a  connexion  between  the  temperature  of  the  air 
and  the  quantity  of  lime  necessary  for  fusing  a  given  quantity  of  siliceous 
earth.  It  is  certain  that  in  Wales  the  hot  blast  effects  no  saying  of  lime- 
stone. It  would  be  more  correct  to  ascribe  the  reduction  effected  in  the 
Scotch  furnaces  to  the  diminished  quantity  of  siliceous  earths  requiring  a 
proportionately  less  weight  of  limestone  for  the  formation  of  a  fusible 
cinder. 

ADDmONAL  BEMABES  ON  THE  HOT   BLAST. 

In  reference  to  the  important  question  raised  in  the  foregoing  pages, 
we  have  some  additional  observations  to  offer.  K  the  waste  of  carbon, 
which  we  have  described,  is  really  going  on  in  the  blast  furnaces  of  this 
country,  how  is  it  that  the  numerous  chemists  who  have  analysed  the 
escaping  gases  have  not  drawn  attention  to  the  subject  ?  Messrs.  Bunsen, 
Playfair,  Ebelmen,  Scheerer,  and  others,  have  abundantly  proved  that 
they  contain  carbonic  oxide — ^the  form  in  which  the  carbon  escapes — ^in 
quantities  varying  at  different  furnaces  within  very  wide  limits,  and  in 
which  it  forms  a  proportion  by  weight  ranging  from  within  a  fraction  to 
42  per  cent,  of  all  the  gases  evolved.  Now  it  is  evident  that  if  carbonic 
oxide  is  a  necessary  or  an  unavoidable  ingredient,  the  variation  in  quantity 
would  not  be  so  great.  This  has  excited  attention  from  some  of  the  ana- 
lytical chemists,  but  none  of  these  gentlemen  have  offered  a  satisfactory 
explanation.  The  size  of  the  furnace,  composition,  and  nature  of  the  ore, 
fuel,  and  flux,  have  been  assigned  as  causes,  but  if  subjected  to  a  practical 
examination  their  insufficiency  is  very  obvious.  That  the  dimensions  of 
the  furnace  and  composition  of  the  materials  influence  the  processes  going 
on  within  cannot  be  doubted,  but  there  is  no  connexion  between  the 
influences  thus  exerted  and  the  presence  of  a  large  quantity  of  carbonic 
oxide  in  the  throat.  That  is  regarded  as  essentially  necessary  under 
certain  circumstances  to  the  success  of  the  smelting  operation. 

In  the  inquiries  which  have  been  made  respecting  the  composition  of 
furnace  gases,  the  object  in  view  in  every  case  has  been  to  ascertain  their 
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valne  for  heatmg  purposes.  From  an  examination  of  the  yarions  memoirs 
that  have  been  published^  it  appears  that  the  labonrs  of  the  analytical 
chemists  have  been  exclnsivelj  directed  to  the  composition  of  the  gases, 
without  reference  to  the  arrangements  by  which  they  have  been  produced. 
Having  ascertained  the  presence  of  carbonic  oxide — a  combustible  gas — ^in 
quantities  sufficiently  great  to  be  of  commercial  value,  it  is  considered 
that  a  great  discovery  has  been  made,  a  patent  is  secured,  and  general 
attention  directed  to  the  caloric  which  the  gas  gives  out  when  burnt  with 
air  to  carbonic  acid.  Meanwhile,  the  main  point  to  which  attention 
ought  to  be  directed  is  entirely  overlooked.  The  presence  of  carbonic 
oxide  in  large  quantities  in  the  gases  issuing  from  one  furnace,  and  its 
absence  from  those  of  others,  evidently  shows  inequality  in  the  action  of 
the  various  arrangements  for  the  combustion  of  the  carbon.  If  the  carbon 
can  be  burnt  to  carbonic  acid  in  one  furnace,  and  all  the  heat  it  can 
produce  be  obtained  at  once  in  the  hearth,  surely  it  is  much  better  to  seek 
to  obtain  a  similar  result  in  other  furnaces  than  to  allow  it  to  be  half 
burnt  in  the  first  instance,  and  then,  after  it  has  left  the  furnace,  to  supply 
an  additional  quantity  of  air  to  bring  it  to  carbonic  acid.  To  completely 
bum  the  carbon  at  first,  it  is  only  necessary  to  attend  to  the  quantity  of 
carbon,  the  volume  and  disposition  of  the  blast,  and  to  protect  the  carbon 
from  combustion  in  the  throat  and  upper  regions.  Altogether,  we  are  of 
opinion  that  the  labour  expended  by  chemists  in  this  instance  has  been 
misdirected,  and  the  collection  and  combustion  of  the  gases  is  but  a 
clumsy  expedient  for  obtaining  some  service  from  the  carbon  charged  in 
excess  of  the  absolute  requirements  of  the  furnace. 

As  a  proof  that  chemists,  in  their  researches  into  the  nature  of  the 
waste  gases,  have  not  directed  their  attention  to  the  causes  which*  conduce 
to  the  presence  of  carbonic  oxide,  neither  Messrs.  Bunsen  and  Playfair, 
nor  the  Continental  chemists,  have  given  the  quantity  of  atmospheric  air 
delivered  into  the  fui'naces  under  experiment.  This  omission  is  fatal  to 
the  correctness  of  any  conclusions  which  these  gentlemen  have  drawn 
from  their  observations  as  to  blast-furnace  operations  generally.  A 
knowledge  of  the  alterations  in  composition  which  the  ascending  column 
of  gases  undergoes  during  its  ascent,  and  of  the  composition  and  quantities 
of  the  ore,  fuel,  and  flux,  to  be  of  very  great  practical  value  must  be 
accompanied  by  the  quantity  of  air  consumed.  This  generally  weighs 
three  times  as  much  as  all  the  other  materials.  But  in  none  of  the  various 
inquiries  is  reference  made  to  the  volume  of  blast,  as  to  whether  it  is 
sufficient  or  not  for  combustion.  Had  attention  been  directed  to  this 
important  point,  the  insufficiency  of  the  blast  to  convert  the  carbon 
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ehai^ged  eyeu  into  carbonic  oxide  would  have  been  apparent.  It  seems  in 
each  case  to  have  been  assumed  that  the  volume  of  blast  was  correctlj 
proportioned  to  the  requirements  of  the  carbon. 

Analyses,  however,  are  valuable  so  far  as  thej  go,  and  are  remarkably 
confirmatory  of  the  position  we  have  taken.  If  the  composition  of  the 
gases  from  the  Baerum  charcoal  furnaces  be  contrasted  with  that  of  those 
issuing  from  the  Alireton  coal-fed  furnace,  and  the  sectional  form  of  the 
two  furnaces  be  compared  (PL  IX.,  Fig.  60,  PL  XII.,  Fig.  78),  it  will  be 
apparent  that  the  form  of  the  latter  is  the  less  favourable  to  economy  of 
fuel ;  and  the  analyses  prove  this  to  be  the  case.  For  while  the  Alfreton 
gases  are  observed  to  be  richer  in  carbon  as  they  ascend  to  the  throat, 
notwithstanding  that  their  volume  is  increased  by  the  carbonic  acid 
expelled  from  the  limestone,  and  the  gaseous  products  of  distillation  from 
the  coal,  the  Baerum  gases  are  decreased  in  carbon  until,  at  the  surface,  a 
given  weight  of  the  escaping  gas  contains  one-fourth  less  than  at  half  the 
depth  of  the  furnace.  This  is  only  as  it  should  be.  For  the  moisture, 
carbonic  acid,  and  volatile  matter  evolved  from  the  materials  augment 
the  quantity  of  gas  in  the  higher  regions,  thereby  diminishing  the  per- 
centage of  carbon.  In  the  Alfreton  furnace,  however,  while  the  same 
causes  are  at  work,  the.  opposite  result  is  observed.  The  combustion  of 
the  fuel  in  its  progress  downwards  through  the  confined  throat  is  so  great 
that  the  increased  volume  of  gas  contains  a  larger  percentage  of  carbon 
than  existed  in  the  lesser  volume  at  half  the  depth. 

We  find  that  a  given  weight  of  gas  from  the  Alfreton  furnace  contains 
nearly  twice  as  much  carbon  as  the  same  weight  from  the  Baerum  fur- 
nace. So  that  itxe  superior  economy  of  fuel  in  the  charcoal  furnace  needs 
no  explanation. 


SECTION  xm. 

ON   THE   USE   OF   RAW    COAL   IN   BLAST   FURNACES. 

The  enlargement  of  the  throat  of  the  furnace,  advocated  in  the  pre- 
ceding section,  will  be  attended  with  another  advantage,  scarcely  inferior 
to  the  saving  of  fuel.  It  would  enable  all  the  coals  now  employed  in 
iron-smelting  to  be  used  without  being  previously  coked.  At  present  a 
few  only  are  considered  suitable  for  use  raw  ;  the  others  have  been  tried, 
but,  failing  to  give  satisfactory  results,  have  been  condemned  as  unfit  for 
blast-furnace  purposes  in  that  state.  In  this  section  we  intend  to  examine 
into  the  causes  which  have  contributed  to  the  general,  though  erroneous, 

* 

opinion  that  certain  coals  are  more  applicable  to  smelting  in  their  natural 
state  than  others. 

We  shall  first  briefly  describe  the  chal'acteristics  of  the  principal  kinds 
of  coal  wrought  for  iron-making,  and  then  proceed  to  show  that  all  the 
varieties  are  equally  applicable  in  their  raw  state,  and  may  be  so  used 
with  advantage  to  the  yield,  make,  and  quality  of  the  crude  iron. 

The  coals  used  for  smelting  may  be  divided  into  four  classes :  1,  the 
bituminous ;  2,  the  semi-bituminous ;  3,  the  semi-anthracite ;  and  4,  an- 
thracite. 

Of  these  the  bituminous  class  is  by  far  the  largest.  Indeed,  with  the 
exception  of  a  number  of  those  in  the  South  Wales  basin,  all  the  furnaces 
in  Great  Britain  are  worked  with  coal  of  this  description.  It  is  distin- 
guished from  other  kinds  by  the  large  quantity  of  volatile  matter  in  its 
composition.  When  slowly  heated  its  bulk  is  increased  from  20  to  35  per 
cent.  In  coking  the  quantity  of  tarry  matter  evolved  binds  the  pieces 
together  in  large  masses,  on  which  account  it  is  sometimes  distinguished 
as  caking  coal. 

The  large  percentage  of  tarry  matter  in  these  coals  enables  the  small 

to  be  advantageously  coked  in  ovens,  a  peculiarity  belonging  only  to  coals 

of  this  class. 

The  yield  of  coke  from  a  given  weight  of  coal  varies  with  the  character 

14 
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of  tlie  coal,  the  mode  of  coking  practised,  and  the  care  exercised  during 
the  operation.  In  the  South  Wales  district  the  yield  ranges  from  75  per 
cent,  in  the  Bhondda  Valley  to  50  per  cent,  at  the  eastern  ontcrop  in  the 
neighbourhood  of  Pontypool.  In  Dean  Forest,  StaflTordshire,  Shropshire, 
Yorkshire,  Northumberland,  and  Scotland  the  coal  loses  during  conversion 
into  coke  from  30  to  55  per  cent,  of  its  weight. 

The  semi-bituminous  class  is  a  small  one,  being  limited  to  such  seams 
as  are  found  located  between  the  bituminous  coal  and  anthracite,  but 
partaking  more  fully  of  the  characteristics  of  the  former.  Coals  of  this 
kind  contain  an  inferior  quantity  of  tarry  matter.  When  heated  the 
expansion  of  volume  ranges  from  5  to  15  per  cent.  They  may  be  con- 
verted into  coke,  but  from  the  diminished  quantity  of  tarry  matter  do  not 
cohere  in  large  masses.  The  yield  of  coke  averages  75  per  cent.  The 
small  cannot  be  coked  with  its  natural  proportion  of  tarry  matter. 

The  semi-anthracite  class  embraces  those  coals  which  lie  immediately 
contiguous  to  the  anthracite  formation.  The  percentage  of  tarry  matter 
they  contain  is  still  less  than  in  the  preceding  kind.  Under  the  action  of 
heat  their  bulk  is  increased  5  to  10  per  cent.  They  may  be  converted  into 
a  coke,  but  on  account  of  the  small  proportion  of  binding  matter  it  is 
deficient  in  strength.  The  yield  ranges  from  70  to  75  per  cent.  The 
small  will  not  bind,  and  is  incapable  of  being  coked  into  masses,  except 
by  the  addition  of  tar.  » 

The  anthracite  coal  is  distinguished  by  its  great  specific  gravity, 
deficiency  of  tany  matter,  and  absence  of  fiame  during  combustion- 
When  its  properties  become  better  understood  it  will,  no  doubt,  rank  as 
the  most  valuable  kind  of  coal  which  this  country  produces.  It  expands 
very  little  when  heated.  During  the  process  of  conversion  into  coke  a 
minimum  quantity  of  volatile  matter  escapes,  consequently  the  yield 
amounts  to  from  80  to  90  per  cent.  From  the  deficiency  of  tarry  matter 
the  small  will  not  cohere  so  as  to  form  large  coke* 

Although  we  refer  principally  to  the  Welsh  district,  yet  as  almost 
every  kind  of  coal  is  represented  there,  our  remarks  will  be  found  to  be 
equally  applicable  to  the  other  iron-making  districts. 

We  may  here  observe  that  when  raw  coal  is  charged  into  a  furnace 
its  volatile  constituents  are  driven  off  by  the  heat  to  which  it  is  exposed, 
leaving  behind  a  porous  coke,  differing  only  from  the  coke  prepared  in 
heaps  or  ovens  by  its  denser  structure.  This  superior  density  results  from 
the  distillation  having  been  conducted  under  pressure.  Whatever  kind  of 
coal  is  used  the  evolution  of  its  gaseous  products  is  effected  in  the  upper 
part  of  the  furnace.    By  the  time  it  reaches  the  level  of  the  boshes,  if  not 


ON   THE   USE   OF   RAW   COAL   IN   BLAST  FURNACE8.  211 

a  little  earlier,  the  coal  has  been  converted  into  a  porona  coke,  the  degree 
of  porosity  depending  principaUj  on  the  quantity  of  gaseous  matter 
evolved  during  the  process. 

The  general  composition  of  the  coals  in  the  respective  classes  may  be 
seen  by  referring  to  the  analyses  in  Section  I.,  where  each  will  be  found 
represented.  Among  the  Soath  Wales  coals,  the  Pontypool  exhibits  the 
bituminous  class;  the  Dowlais  furnace  coal,  the  semi-bituminous;  the 
Hirwain  coal,  the  semi-anthracite ;  and  the  Yniscedwyn,  the  anthracite. 

The  bituminous  coals  are  coked  previous  to  being  charged  into  the 
famace.  They  have  been  tried  in  the  raw  state,  but  their  tendency  to 
cake  and  obstruct  the  blast  necessitated  a  return  to  coking.  Their  rapid 
increase  of  bulk  when  heated,  at  the  rate  of  20  to  35  per  cent.,  proved  a 
serious  defect.  When  they  were  precipitated  into  the  hot  furnace-throat, 
the  sudden  expansion  of  the  masses  of  coal  in  a  confined  space  produced 
obstructions  the  descent  of  the  materials.  The  scaffolds  thus  formed 
remained  suspended  until  a  partial  combustion  of  the  coal  permitted  the 
materials  to  descend. 

The  semi-bituminous  coals  are  used  in  the  raw  state.  They  are  not 
liable  to  cake  in  the  furnace,  as  they  contain  comparatively  little  bitu- 
minous matter,  and  expand  but  slightly  when  heated.  These  qualities 
have  been  considered  a  sufficient  explanation  of  their  superiority  over 
other  coals.  Their  use  is  confined  to  the  Bhymney,  Dowlais,  and  Peny- 
darran  works,  and  the  supply  for  each  is  drawn  from  the  same  mountain. 

The  semi-anthracite  coals  are  coked  before  entering  the  furnace.  They 
are  employed  at  the  Cytfarthfa,  Plymouth,  Aberdare,  Gadleys,  and 
Hirwain  works.  These  coals  have  been  tried  in  the  raw  state,  but  the 
results  were  not  satisfactory.  At  the  Cyfarthfa  furnaces  the  experiment 
of  using  raw  coal  was  persevered  in  for  some  months.  The  greatest  draw- 
back was  found  to  be  the  accumulation  in  the  hearth  of  quantities  of 
unconsumed  small  coal.  As  lumps  only  were  charged,  this  constant 
deposition  could  only  be  produced  by  the  splintering  of  the  large  pieces, 
indicating  a  deficiency  of  binding  matter  in  the  coal.  The  loss  of  carbon 
in  this  way,  and  the  additional  labour  entailed,  was  deemed  of  greater 
value  than  the  advantages  accruing  from  using  the  raw  coal,  and  the  use 
of  coke  was  ultimately  resumed. 

Anthracite  is  used  in  the  raw  state.  For  many  years  attempts  were 
made  to  smelt  with  it,  but  from  inattention  to  its  composition  and  char- 
acteristics they  were  not  successful.  Latterly,  however,  it  has  been 
extensively  used,  and  although  the  consumption  is  still  unnecessarily 
great,  its  applicability  to  smelting  has  been  satisfactorily  demonstrated. 
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On  reviewing  the  effeeta  produced  in  the  furnace  bj  tbeae  different 
kinds  of  coal,  we  obaerve  that  the  first  requires  to  be  coked  because  it 
contains  too  much  bituminous  matter ;  the  second  maj  be  used  raw,  the 
proportion  of  bituminous  matter  apparently  being  favourable ;  the  third 
must  be  coked  because  it  contains  too  little  bituminous  matter ;  while  the 
fourth,  though  nearly  devoid  of  this  substance,  is  used  raw. 

So,  theu,  if  the  composition  and  characteristics  of  the  coal  determine 
whether  .it  should  be  coked  or  used  raw,  we  find  that  coals  containing  a 
maximum  or  minimum  percentage  of  bituminous  matter  require  coking, 
while  those  containing  a  medium  quantity,  or  are  altogether  devoid  of  it, 
may  be  used  raw. 

With  the  practical  smelter,  and,  indeed,  with  writers  generally,  the 
opinion  is  current  that  the  comparative  failure  of  the  attempts  to  use  the 
bituminous  and  semi-anthracite  coal  in  the  raw  state  arose  fix)m  the 
peculiar  composition  of  those  coals.  Having  tried  the  coal  raw  instead 
of  coked,  and  perceiving  that  its  use  deteriorated  the  quality  of  the  iron, 
and  was  attended  with  other  disadvantages,  it  was  but  natural  to  suppose 
that  it  was  unfit  for  the  furnace  in  that  condition. 

Bat  is  it  certain  that  the  fault  lies  in  the  coal  ?  May  not  the  form  of 
the  furnace  also  affect  the  result?  If  raw  coal  be  used,  a  process  formerly 
performed  in  the  coke-yard  is  transferred  to  the  interior  of  the  furnace. 
Is  the  internal  configuration  of  the  blast  furnace,  as  at  present  usually 
constructed,  favourable  to  the  conversion  of  the  coal  into  coke  with  a  mini- 
mum loss  of  carbon  ? 

One  circumstance  that  strikes  us  in  connexion  with  the  attempts  to 
use  coal  raw  is  that  the  experiments  were  invariably  made  in  furnaces 
built  for  coke.  Generally  these  had  narrow  throats,  and  even  with  coke 
the  temperature  was  high.  What,  then,  must  have  been  the  temperature 
on  substituting  a  more  inflammable  fuel  ? 

With  a  narrow-throated  furnace  the  inevitable  coDsequence  of  substi- 
tuting raw  bituminous  coal  for  coke  would  be  a  sudden  increase  of  tem- 
perature and  a  partial  combustion  of  the  coaL  The  heat  formerly  existing 
may  not  have  been  very  injurious  to  the  coke,  for  this  substance  requires 
a  high  temperature  for  its  combustion,  which  then  proceeds  slowly.  But 
on  the  raw  coal  the  effect  is  very  different.  Immediately  that  it  enters 
the  furnace  the  tarry  matter  ignites,  and  the  coal  rapidly  expands  under 
the  action  of  heat.  The  evolution  of  tarry  matter  continues,  and  the 
masses  cohere  together,  diminishing  the  area  for  the  ascent  of  the  heated 
gases.  The  draught  is  thus  quickened  in  the  available  space,  and,  acting 
on  the  surrounding  ignited  coal,  combustion  goes  on  with  great  rapidity. 
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The  expansion  of  the  coal  and  its  cohesive  properties  cause  frequent 
scaflfblds  in  the  throat.  These  do  not  subside  until  a  considerable  poition 
of  the  carbon  is  consumed.  Thus  the  quantity  of  carbon  retained  for 
combustion  in  the  hearth  is  not  sufficient  for  the  effectual  reduction  of  the 
ore.  The  resulting  metal  is,  therefore,  of  an  inferior  quality,  and,  from 
the  irregularities  in  the  working  of  the  furnace,  the  make  is  also  dimin- 
ished. 

It  appears  to  us  that  the  sole  cause  of  tiie  inferiority  of  this  kind  of 
coal  in  the  raw  state  is  the  excessive  heat  in  the  upper  part  of  the  furnace. 
Were  the  throat  enlarged,  the  temperature  would  be  reduced  in  an  inverse 
ratio  to  the  increased  area,  and  the  coal  could  no  longer  cake  into  masses 
sufficiently  large  entirely  to  obstruct  the  area.  With  the  reduced  temper* 
ature,  the  evolution  of  tarry  matter,  and  the  conversion  of  the  coal  into 
coke  will  proceed  more  slowly,  but,  from  the  slower  descent  of  the 
materials,  the  process  will  not  be  prolonged  to  a  lower  level. 

In  some  furnaces  raw  bituminous  coal  is  used  mixed  with  coke.  By 
itself  it  is  considered  that  the  coal  cannot  be  used  advantageously.  But 
if  the  raw  coal  be  really  prejudicial  to  the  quality  and  make  of  iron,  it  is 
difficult  too  see  how  its  partial  use  can  be  otherwise  than  proportionately 
injurious.  However,  where  raw  coal  is  used  we  observe  that  the  throats 
are  larger  than  the  average  size.  We  therefore  consider  that  the  partial 
use  of  raw  coal  in  these  furnaces,  instead  of  being  evidence  of  its  unsuita- 
bility  to  form  the  sole  fuel,  is  a  proof  rather  that  the  dimension  of  the 
throat  is  too  small  to  permit  a  larger  quantity  to  be  used  ivith  advantage. 

The  general  proportion  in  the  bituminous  coal  district  for  the  diameter 
of  the  throat  is  two-fifths  only  of  the  diameter  of  the  furnace.  Even  with 
coke  there  must  be  a  large  waste  of  carbon  from  this  cause ;  but  when 
raw  coal  is  used  the  consumption  of  fuel  becomes  excessive. 

The  utter  impossibility  of  converting  raw  bituminous  coal  into  coke  in 
the  throat  and  upper  part  of  the  fhmace,  as  at  present  constructed,  other- 
wise than  with  a  waste  of  carbon,  must  be  apparent  if  the  intense  draught 
which  exists  there  is  considered.  We  have  shown  already  that  in  the 
throat  the  velocity  varies  from  47  to  201  feet  per  second,  according  to  the 
area  provided  for  its  escape.  With  a. throat  of  two-fifths  the  diameter  of 
the  body  the  velocity  with  the  volume  of  blast  commonly  employed  will 
be  nearly  78  feet  per  second,  or  50  miles  an  hour.  For  several  hours  the 
ignited  coal  is  exposed  to  a  draught  little  inferior  to  this  in  velocity. 

How  very  different  is  the  operation  of  coking  in  the  yard  or  in  ovens. 
There  the  injurious  effects  of  the  slightest  draught  on  the  quality  of  the 
resulting  coke  are  known,  being  easily  seen.    Immediately  that  the  coal 
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is  tboroQghly  ignited  the  draught  is  diminished  and  finally  destroyed.  If 
it  is  allowed  to  oontinne,  the  additional  loss  by  combustion  of  the  carlxMi 
shows  itself  in  the  reduced  weight  of  coke  obtained*  The  principle 
observed  throughout  is  the  ignition  and  expulsion  of  the  Tolatile  gases  at 
so  slow  a  rate  that  the  carbon  shall  remain  intact. 

But  in  the  present  blast  furnace  the  operation  of  coking  is  attempted 
on  principles  the  reverse  of  those  adopted  in  the  coke-yard ;  and  the  waste 
of  carbon  which  follows  displays  itself  in  the  results. 

At  the  Bhymney,  Dowlais,  and  Penydarran  works  the  change  firom 
coke  to  raw  coal  was  made  without  any  attending  disadvantage.  The 
kind  of  coal  used  at  those  works  expands  less  in  bulk  and  contains  a 
smaller  percentage  of  bituminous  matter ;  but  the  principal  circumstance 
in  favour  of  the  alteration  was  the  comparatively,  large  throats  at  the 
furnaces  in  each  of  these  works.  The  mean  diameter  is  equal  to  half  the 
diameter  of  the  furnace,  consequently  the  throat  is  comparatively  cooL 
Scaffolding,  however,  is  not  unfrequent  in  these  furnaces ;  and,  even  with 
the  advantages  accruing  from  the  additional  area,  the  consumption  of  coal 
is,  as  we  have  shown,  fully  double  that  required  for  the  reduction  of  the 
ore. 

That  a  wasteful  combustion  takes  place  in  the  throats  of  these  fumaces 
cannot  be  doubted  if  the  appearances  presented  by  the  coal  while  un- 
covered are  carefully  noted.  Immediately  that  it  enters  the  furnace  the 
small  projecting  pieces  take  fire,  and  in  a  few  seconds  attain  a  white  heat 
This  is  speedily  communicated  to  the  remainder  of  the  mass  already  highly 
heated.  The  active  combustion  thus  commenced  continues  until  the  coal 
is  covered  with  other  materials,  when  it  is  deadened,  but  not  destroyed. 
The  great  up-draught  continues  to  support  combustion,  but,  as  the  coal 
descends,  this  diminishes  in  intensity  until  at  the  boshes  it  is  at  a  mini* 
mum. 

The  evils  of  a  high  temperature  in  the  throat  are  equally  manifest  in 
furnaces  using  semi-anthracite  coal.  Since  they  are  deficient  in  tarry 
matter,  the  liability  to  cake  and  obstruct  the  draught  does  not  exist  with 
these  coals ;  but  this  very  deficiency  entails  another  evil  of  scarcely  lesB 
importance.  The  exterior  portions  of  the  lumps  decrepitate  and  crumble 
off  under  the  infiuence  of  the  heat  into  which  they  are  suddenly  intro- 
duced, and  unless  the  coal  is  of  a  very  homogeneous  structure  they  are 
finally  split  into  two  or  more  pieces.  The  bulk  of  the  small  detached 
pieces  is  consumed  in  the  throat,  but  a  portion  of  them  descends  uncon- 
sumed  to  the  hearth,  where  their  presence  entails  additional  labour  on  the 
attendants  and  loss  of  time  in  their  removal. 
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These  disadvantageous  circumstances  have  caused  this  coal  to  be 
denounced  as  unfit  for  use  in  the  raw  state,  and  at  the  several  works  we 
have  named  coking  is  deemed  an  indispensable  operation.  Yet  the 
decrepitation  of  the  raw  coal  in  the  furnace  is  only  evidence  that  the  high 
temperature  suddenly  communicated  to  it  is  too  much  for  the' cohesion  of 
its  particles,  and  not  of  its  being  otherwise  unfit,  if  the  operation  were 
differently  conducted.  In  the  coke-yard  this  coal  is  converted  into  coke 
with  no  more  than  the  average  loss.  What  then  are  the  circumstances 
which  prevent  it  from  being  coked  in  the  blast  furnace  ?  In  the  coke-yard 
the  temperature  of  ignition  is  attained  very  slowly,  being  the  work  of 
some  hours ;  but  in  the  narrow-topped  furnace  it  is  conmiunicated  in  a 
few  seconds.  The  violent  evolution  of  gas  which  then  takes  place,  coupled 
with  the  expansion  of  the  outer  portions,  destroys  the  cohesion  of  its 
particles.  The  highly  bituminous  coab  are  charged  into  red-hot  ovens 
without  apparent  injury  to  the  coke  produced,  but  if  the  same  method  of 
coking  is  attempted  with  this  coal  the  spUntering  into  fragments  and 
consequent  waste  of  carbon  is  scarcely  less  than  that  produced  by  the  high 
temperature  of  the  furnace  throat 

The  obvious  remedy  for  this  splintering  and  weakening  of  the  coal  is 
a  reduction  of  the  temperature  at  the  furnace  top ;  and  as  this  can  be  done 
only  by  diminishing  the  draught,  the  enlargement  would  enable  these 
coals  to  be  used  raw  in  the  furnace  with  the  best  effect. 

The  successful  employment  of  anthracite  coal  in  the  blast  furnace  dates 
from  a  comparatively  recent  period.  In  the  early  part  of  the  present 
century  it  was  attempted  to  be  used  for  smelting,  but  unsuccessfully. 
The  desirability  of  using  it  in  smelting,  however,  was  apparent,  and  after 
repeated  failures  anthracite  is  now  used  with  partial  success. 

When  the  means  by  which  the  iron-smelters  in  the  anthracite  districts, 
in  the  first  instance,  sought  to  solve  the  problem  of  smelting  with  this 
coal  are  considered,  their  insufficiency  for  the  attainment  of  success  is 
apparent.  In  the  experiments  the  greatest  pressure  of  blast  employed 
did  not  exceed  1^  lb.  to  the  inch.  With  a  fuel  of  such  dense  structure  as 
anthracite,  the  weakness  of  the  blast  was  of  itself  a  sufficient  cause  for 
fjEulure.  But  if  to  this  there  be  added  the  disadvantage  of  employing 
furnaces  constructed  for  burning  the  coke  of  bituminous  coal,  it  is  very 
evid^it  that,  however  desirous  of  using  this  coal  the  experimenters  might 
be,  their  arrangements  were  not  such  as  could  obtain  success. 

The  anthracite  is  still  more  deficient  in  bituminous  matter  than  the 
coab  around  Merthyr  lydfil,  and  when  it  is  precipitated  into  the  highly- 
heated  narrow  throat,  the  sudden  accession  of  caloric  results  in  the  partial 
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disintegration  of  the  coal.  The  detached  pieces  descend  to  the  hearth,  and 
in  the  early  experiments  formed  an  obstacle  to  success.  Up  to  the  present 
time  this  accumulation  of  carbonaceous  matter  in  the  hearth  is  a  serious 
disadvantage  attendant  on  the  employment  of  anthracite. 

The  furnaces  in  which  the  experimental  trials  were  made  had  the  usual 
narrow  throats,  but  in  those  recently  erected  the  throats  are  constructed 
larger  in  diameter  in  proportion  to  tiie  boshes  than  in  any  other  furnaces. 
The  general  proportion,  as  will  be  seen  by  referring  to  the  plates  of  blast- 
furnace sections  (Pis.  X.,  XL,  Figs.  66,  67,  68,  69),  is  two-thirds  the 
greatest  diameter.  This  alteration  has  greatly  increased  the  focility  of 
smelting  with  anthracite ;  the  temperature  in  the  throat  is  reduced,  and 
as  the  coal  suffers  less  in  the  same  proportion,  an  increased  burden  is 
carried.  But,  as  a  further  reduction  of  temperature  cannot  fail  to  be 
highly  advantageous  to  the  coal,  reducing  the  tendency  to  splinter  and 
disintegrate,  and  allowing  the  entire  mass  to  be  converted  into  a  dense 
coke,  the  enlargement  of  the  throat  to  the  diameter  of  the  boshes  would  be 
productive  of  great  advantage.    (PL  XDI.,  Fig.  84.) 

If  reference  be  made  to  the  proportion  which  the  throat  bears  to  the 
diameter  of  the  furnace,  it  will  be  seen  that  for  every  100  feet  of  horizontal 
area  in  the  furnaces  in  the  bituminous  district  the  throat  has  an  area  of  16 
feet;  in  the  semi-bituminous  and  semi-anthracite  the  proportion  is  in- 
creased to  25  feet ;  in  the  anthracite  to  44  feet.  Furnaces  with  a  propor- 
tion of  25  feet  are  unable  to  smelt  advantageously  with  a  coal  deficient  in 
bituminous  matter,  unless  previously  coked ;  but  when  the  proportiim  is 
increased  to  44  feet  the  pure  anthracite  itself  is  employed  raw.  We  have 
only  to  go  from  Hirwain  to  the  Neath  Yalley  to  see  the  beneficial  effects 
on  the  coal  which  would  follow  from  an  inconsiderable  enlargement  of  the 
throat. 

We  have  hitherto  advocated  an  increase  of  the  diameter  of  the  throat 
to  equal  that  of  the  boshes,  which  would  make  the  upper  portion  of  the 
furnace  cylindrical ;  but  with  anthracite  we  cannot  proceed  too  cautiously 
in  communicating  an  increase  of  temperature.  We  have  no  question  but 
that  in  furnaces  for  smelting  with  this  coal  the  enlargement  may  be  bene- 
ficially extended  until  the  throat  is  one-fourth,  or  one-third,  greater  in 
diameter  than  the  boshes.  The  result  of  this  will  be  that  the  velocity  of 
the  issuing  column  of  gases  will  be  reduced,  and  a  minimum  temperature 
maintained.  The  area  then  allowed  for  the  escape  will  be  four  times  that 
now  provided. 

By  a  large  class  of  persons  engaged  in  the  iron  trade  it  is  supposed 
that  anthracite  cannot  be  advantageously  used  unless  with  a  heated  blast. 


OK   THE   USE   OF   RAW   COAL   IN   BLAST   FURNACES.  217 

This  is  an  error,  and  it  arose  from  the  defective  blowing-machinery 
originally  employed.  To  show  how  insaflScient  the  first  blasts  were,  we 
may  mention  that  there  is  a  patent  extant  for  nsing  a  cold  blast  of  more 
than  2|  lbs.  to  the  square  inch  with  this  coal.  With  a  cold  blast  of  this 
and  greater  densities  large  quantities  of  cold-blast  iron  have  been  smelted. 
But  while  furnaces  having  the  contraction  at  top  are  employed  for  smelt- 
ing, the  hot  blast  will  be  the  most  economical  in  the  yield  of  coal.  The 
diminished  volume  of  blast  employed  consequent  on  the  caloric  thrown 
into  the  furnace  causes  a  diminished  draught,  and  reduced  temperature  at 
top. 

The  saving  attendant  upon  the  advantageous  use  of  raw  coal,  together 
with  the  economy  in  the  consumption  of  the  coal  itself,  consequent  on  the 
reduction  of  temperature  of  the  furnace  throat,  will  reduce  the  cost  of 
smelting  fully  one-half.  In  the  bituminous  coal  districts  of  Monmouth- 
shire, the  Midland  Counties,  and  Scotland  the  conversion  of  the  coal  into 
coke  is  attended  with. such  waste  that  from  3^  to  4  tons  of  coal  are 
required  for  each  ton  of  foundry-iron  produced.  The  proportion  of  carbon 
rauges  from  76  per  cent,  in  the  inferior  bituminous  varieties,  to  92  per 
cent,  in  the  anthracite.  The  present  system  of  coking  is  attended  with  the 
combustion  of  from  10  to  50  per  cent,  of  this  carbon.  Since  the  proper* 
tion  of  carbon  determines  the  value  of  the  coal  for  smelting  purposes,  the 
retention  and  combustion  of  the  entire  quantity  in  the  furnace  will  be 
attended  with  a  proportionate  generation  of  heat. 

The  suggested  form  of  furnace  will  permit  of  raw  coal  being  used,  and, 
by  economising  the  c%ke  and  retaining  the  entire  quantity  of  carbon  for 
combustion  in  the  hearth,  it  will  render  20  cwts.  of  raw  coal  more  effective 
than  3^  tons  converted  into  coke,  and  afterwards  consumed  in  furnaces  of 
the  present  form. 

The  widening  the  top  of  the  furnace,  so  as  to  ensure  a  reduced  tem- 
perature, will  be  highly  advantageous  to  smelting  with  compressed  peat. 
Large  tracts  of  this  valuable  fuel  exist  in  the  vicinity  of  deposits  of  the 
richest  iron  ores,  but  hitherto  all  attempts  to  use  rt  in  the  blast  furnace 
have  failed.  The  best  specimens  contain  large  quantities  of  volatile 
matter,  and,  unless  previously  well  dried,  injurious  quantities  of  water. 
The  rapid  evolution  of  these  in  the  blast  furnace  of  the  present  form  causes 
a  greater  or  less  destruction  of  the  coal,  while,  from  the  high  temperature 
maintained,  a  portion  of  the  carbon  is  consumed.  In  the  same  proportion 
as  the  coal  is  weakened  and  carbon  consumed  are  its  smelting  powers 
reduced,  and  the  yield  per  ton  of  iron  augmented.  And  from  the 
moisture  and  generally  large  percentage  of  ash  the  increased  consumption 
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becomes  fatal  to  the  economj  of  Bmelting  with  this  fael.  The  large 
residuum  of  ash  requires  for  its  fusion  a  corresponding  quantity  of  lime- 
stone. Hence  the  quality  of  the  iron  is  contaminated  by  the  excess  of 
earthy  matter  present. 

With  the  improved  form  of  furnace  the  diminished  temperature  at  top 
would  favour  the  retention  of  carbon.  The  fuel  also,  being  subjected  to  a 
great  pressure  long  before  its  temperature  is  elevated  to  a  red  heat,  the 
cohesion  of  its  particles  will  be  ensured,  and  its  ability  to  stand  a  blast  of 
the  requisite  density  will  be  little  inferior  to  that  of  charcoal. 

Under  favourable  circumstances  we  have  no  doubt  but  30  cwts.  of 
well-dried  peat  will  smelt  a  ton  of  pig-iron. 

Although  of  secondary  importance  compared  with  the  saving  of  fuel, 
the  enlargement  of  the  furnace  in  the  manner  described  will  be  highly 
beneficial  to  the  smelting  operations,  where  raw  or  imperfectly  calcined 
ores  are  employed.  The  effqct  produced  on  the  materials  in  the  furnace 
by  raw  or  insufficiently  calcined  ore  is  that  of  reducing  their  tempotiture 
by  taking  up  a  large  quantity  of  the  caloric  evolved  by  the  fuel.  By  this 
absorption  of  caloric  the  water  and  volatile  matters  present  in  the  ore  are 
expelled^  Time  is  a  necessary  element  to  the  perfect  calcination  of  the 
ore,  and  if  the  materials  descend  very  quickly  the  operation  is  not  com- 
pleted until  they  are  at  a  low  level,  the  time  allowed  for  the  deoxidation 
of  the  ore  being,  of  course,  proportionately  diminished. 

In  the  wider  furnace,  however,  the  descent  of  the  materials  in  a  given 
time  will  not  be  at  more  than  one-fourth  of  the  present  rate.  In  the 
Dowlais  furnaces  the  materials  descend  at  the  rate  ef  22  inches  per  hour, 
but  at  that  part  of  the  furnace  where  the  diameter  is  largest  the  speed  is 
reduced  to  H  inches.  This  latter  rate  will  be  that  with  the  improved 
form  of  furnace ;  time  will  therefore  be  afforded  for  the  gradual  expulsion 
of  the  volatile  gases  and  perfect  calcination  of  the  ore,  in  a  region  where 
the  heat  absorbed  will  not  injuriously  affect  the  working  operations  of  the 
furnace. 

Calcination  is  now  limited  almost  entirely  to  the  carbonates  of  the  coal 
formation.  But  a  form  of  famace  in  which  the  water  combined  with  the 
primary  ores  is  evaporated  in  the  upper  stratum  of  materials,  will  greatly 
facilitate  the  production  of  grey  iron  from  these  ores. 

With  raw  limestone  also  the  heat  taken  up  by  the  evolution  of  car- 
bonic acid  and  water  would  be  absorbed  from  the  surrounding  materials 
at  a  higher  level,  and  a  superior  temperature  consequently  be  maintained 
in  the  furnace. 

For  the  carbonaceous  ores  the  suggested  furnace  would  be  of  veiy 
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great  value.  The  percentage  of  carbon  in  fliese  ores  frequently  exceeds 
that  of  the  metallic  iron.  With  the  present  system  of  calcination  in 
clamps  this  carbon  is  consumed  in  an  operation  where  one-fifth  or  one- 
sixth  of  it  would  suffice.  In  the  wide  furnace  this  ore  might  be  advan- 
tageously used  in  the  raw  state,  and  the  carbon  in  combination  be  made 
available  for  the  reduction  of  the  iron. 


SECTION  XIV. 


BLOWINQ-ENOINES. 


The  blowing-engines  now  employed  for  supplying  the  blast  to  ftimaees 
and  refineries  are  generally  of  an  improved  construction  as  compared  with 
those  existing  at  the  commencement  of  the  century.  They  are  usually 
larger,  and  are  worked  at  higher  velocities,  with  a  generally  reduced  con- 
sumption of  coal,  and  require  less  labour  and  repairs. 

But  though  unquestionably  much  improved  in  their  construction,  they 
are,  with  very  few  exceptions,  greatly  behind  the  requirements  of  the 
manufacture.  There  are  in  this  country  about  three  hundred  and  ten,  and 
having  personally  examined  the  greater  number  of  them,  we  consider 
their  make  and  power  and  the  expense  of  their  maintenance  inconsistent 
with  the  present  advanced  state  of  mechanical  engineering.  A  de- 
ficiency of  power  is  a  defect  almost  universal.  When  it  is  considered  that 
the  entire  success  of  the  operation  as  regards  quality,  produce,  and  econo- 
my is  dependent  on  the  blast,  the  necessity  of  having  superior  blowing- 
engines  of  ample  power  and  maintained  in  first-rate  working  order  is  appa- 
rent. But  as  ironmasters  are  not  usually  practical  engineers,  most  of  the 
£etults  observed  in  their  engines  must  be  placed  to  the  credit  of  the 
makers. 

With  the  majority  of  engine-makers  a  blowing-engine  is  considered  as 
a  machine  in  the  construction  of  which  good  workmanship  and  materials 
are  imnecessary.  But  a  greater  mistake  could  not  be  committed.  The 
limited  number  of  engines  of  this  kind  at  work  may  partly  account  for 
this  neglect,  but  we  apprehend  that  a  want  of  attention  to  the  great 
importance  of  the  efficiency  of  the  engine  to  the  success  of  the  manufacture 
is  the  principal  cause.  There  are  several  iron-works  in  this  country  where 
a  breakage  would  probably  entail  the  loss  of  the  furnaces.  It  is  but  a 
short  period  since  an  accident  of  this  kind  occurred  at  the  Dowlais  works 
to  an  engine  constructed  in  this  manner,  which  nearly  resulted  in  the 
setting  of  the  materials  in  four  furnaces.    It  was  only  by  unremitting 
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exertion  and  the  aasistance  of  a  large  foundry  and  machine-flhop  on  the 
establifihment  that  the  famaces  were  saved. 

In  the  construction  of  a  blowing-engine  the  design,  workmanship,  and 
materialB  should  be  such  that  the  liability  to  accident  and  derangement  is 
reduced  to  the  narrowest  limits.  The  utmost  regularity  in  the  working 
ought  to  be  obtained.  A  blowing-engine  differs  from  all  others,  inasmuch 
as  it  is  continuously  at  work,  every  stoppage,  from  whatever  cause,  being 
attended  with  loss  i,  and,  assuming  that  it  Is  of  sufficient  power,  its  value 
to  the  manufacturer  is  directly  dependent  on  the  time  it  will  work  without 
requiring  renewal  or  adjustment,  or  any  other  operation  involving  a  stop- 
page. In  the  case  of  locomotives,  marine,  and  other  engines,  opportunities 
are  afforded  for  those  operations  connected  with  the  engine  requiring  time 
for  their  completion,  and  their  service  is  not  directly  interfered  with ;  but 
with  the  blowing-engine  it  is  different  The  blast  is  on  the  furnaces  for 
months  and  years,  with  only  a  few  minutes  interruption  weekly,  and  the 
full  engiae  power  is  therefore  demanded  so  long  as  the  furnace  is  in 
blast. 

A  blowing-engine  should  be  able  to  work  a  month  without  stopping, 
and  then  require  not  more  than  an  hour's  delay.  Once  in  two  or  three 
years  a  stoppage  of  a  few  hours  will  be  required,  but  as  a  rule  no  really 
efficient  engine  should  need  to  stop  more  than  thirty  hours  in  a  year  for 
current  repair.  We  have  found  this  sufficient,  and  believe  that  with  care 
it  may  be  considerably  abridged  with  advantage  to  the  operations  of  the 
furnace. 

Formerly  all  the  engines  were  low-pressure  and  condensing,  having  an 
air-pump,  coldwater-pump,  a  nozzle  containing  five  or  six  valves,  and  com- 
plicated working  gear.  Engines  of  this  kind  are  still  in  use  at  several 
works,  but  when  comparatively  new  they  require  frequent  repairs,  of  little 
importance,  but  still  occasioning  stoppages  of  greater  or  less  duration ;  and 
after  working  a  few  years  they  cannot  be  kept  in  efficient  order  with  less 
than  five  or  six  hours  stoppage  weekly.  From  the  great  number  of  work- 
ing parts  accidents  of  a  minor  description  are  of  frequent  occurrence ;  the 
sudden  cessation  of  blast  on  such  occasions  is  attended  with  greater  ex- 
pense, and  more  injurious  effects  on  the  furnace  than  stoppages  at  stated 
intervals,  for  which  preparation  may  be  made. 

The  blowing-engines  that  have  lately  been  constructed  are  generally 
high-pressure  and  non-condensing,  and  where  the  latest  improvements 
have  been  adopted  the  expansive  action  of  the  steam  has  been  made  use 
of  with  a  corresponding  economy  in  the  working  expenses.  The  use  of 
high-pressure  steam  has  enabled  engines  to  be  constructed  with  less  than 
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one-third  the  nmnber  of  wofldng  parts  formerly  required ;  and  with  this 
greater  Bimplicity  of  the  working  arrangements  the  liability  to  accidental 
stoppages  has  been  proportionally  reduced. 

The  adoption  of  the  high-pressure  principle  has  resulted  in  a  greater 
uniformity  in  the  density  of  the  blast  discharged  by  the  engine.  "With 
the  condensing  engine  the  dead  stop  at  the  turn  of  the  stroke  produced  a 
corresponding  effect  upon  the  blast.  This  has  been  obviated  in  a  great 
measure  in  the  high-pressure  engine  by  the  employment  of  a  heavy  fly- 
wheel, and  with  the  same  number  of  strokes  per  minute  the  stream  of 
blast  is  greatly  superior.  For  this  reason  the  workmen  attending  the 
blast-furnace  give  the  preference  to  a  blast  from  a  high-pressure  engine  as 
being  the  most  steady. 

The  foregoing  are  not  the  only  advantages  of  the  high-pressure  system, 
and  there  can  be  no  question  but  that  when  the  superior  reducing  powers 
of  a  greater  density  of  blast  than  is  ordinarily  attainable  with  other  en- 
gines is  fully  appreciated,  this  description  of  engine  will  become  general. 
In  the  old  condensing  engine  there  was  a  limit  to  the  density  of  the  blast 
dependent  on  the  diameter  of  the  steam  cylinders.  The  low  pressure  of 
the  steam  employed,  from  3  to  4  lbs.  per  square  inch  above  the  atmos- 
phere, placed  the  diameter  of  the  blowing  cylinder  within  certain  limits. 
The  total  mean  working  pressure  on  the  steam-piston  averages  about  13 
lbs.  to  the  inch,  but  after  deducting  friction  and  leakage  the  effective  press- 
ure rarely  exceeded  10  lbs.  Hence,  in  determining  the  size  of  the  blow- 
ing cylinder,  engineers  were  guided  by  the  density  of  the  blast ;  as  much 
as  this  was  below  the  available  steam  pressure,  by  so  much  was  the  area 
of  the  blast  cylinder  larger  in  proportion  to  that  of  the  steam  cylinder. 
By  common  consent  the  maximum  blast  pressure  was  fixed  at  2^  lbs.,  or 
one-fourth  of  the  steam  pressure ;  consequently  the  area  of  the  blowing 
cylinder  was  made  four  times  that  of  the  steam  cylinder.  With  these  pro- 
portions the  density  could  never  exceed  2^  lbs.  when  the  engine  was  in  the 
best  working  order.  But  leakage,  a  defective  supply  of  steam,  and  impe^ 
feet  condensation  often  reduced  it  below  this,  and  the  mean  working  effect 
could  not  be  rated  higher  than  2  lbs. 

The  early  double-acting  blowing-engines  were  constructed  to  work  at  a 
velocity  of  180  to  200  feet  per  minute.  When  an  increased  volume  of 
blast  was  found  beneficial  the  velocity  was  increased  to  260  and  300  feet 
per  minute,  and  in  some  instances  to  400  feet.  At  this  velocity  the  deliv- 
ery of  blast  was  doubled,  but  the  rapid  movement  of  the  engine  quadrupled 
the  accidents  and  delays ;  in  addition  to  which  the  greater  wear  increased 
the  leakage  of  the  pistons  and  valves,  and  by  giving  less  time  for  the  con- 
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denfiation  rendered  thiB  engine  lees  able  to  maintain  the  blast  at  its  original 
pressure. 

With  the  high-pressure  system  the  practical  limits  to  the  density  of  the 
blast  are  much  wider.  High-pressure  engines,  having  cylinders  similarly 
proportioned  to  those  of  condensing  engines,  are  capable  of  compressing 
the  blast  to  a  pressure  of  8  to  10  lbs.  to  the  square  inch ;  and  from  the  ab- 
sence of  all  injurious  concussion  they  may  be  driven  at  double  the  usual 
velocity,  and  the  wear  and  leakage  will  be  less  than  in  the  old  engines. 
We  have  found  a  velocity  of  660  feet  per  minute  to  cause  less  injury  to 
these  engines  than  250  feet  per  minute  would  occasion  to  a  low-pressure 
condensing-engine. 

In  point  of  economy  the  high-pressure  engine  merits  the  preference.  In 
first  cost — ^the  engines  giving  out  equal  power  at  the  same  velocity — the 
high-pressure  engine  is  nearly  one-fourth  less  expensive  than  the  low,  and 
this  where  an  ample  supply  of  water  for  condensation  is  at  hand ;  but 
where  provision  has  to  be  made  for  the  supply  the  difference  becomes  still 
greater.  But  since  the  high-pressure  engine  may  be  safely  and  advanta- 
geously *driven  at  double  the  speed  of  the  condensing  engine,  its  cost,  esti- 
mated upon  the  volume  of  blast  delivered  in  a. given  time,  will  be  under 
one-half  that  of  its  competitor. 

A  comparison  of  the  working  expenses  of  the  two  systems  results  great- 
ly in  favour  of  the  high-pressure.  The  consumption  of  coals,  stores,  re- 
pairs, and  labour  is  from  one-fourth  to  one-third  less  than  with  condensing 
engines  of  similar  date  of  manufacture.  At  the  Dowlais  works  the  cost  of 
a  given  quantity  of  blast  produced  by  four  condensing  engines  is  fully 
twice  as  great  as  that  of  the  same  quantity  from  the  four  high-pressure 
engines. 

Until  within  very  recently,  blowing-engines,  whether  on  the  high  or 
low-pressure  system,  were  constructed  with  vertical  cylinders  and  a  work- 
ing beam  to  communicate  the  power  from  the  steam  to  the  blowing  cylin- 
der, and  to  afford  the  requisite  movements  to  the  pumps  and  working  gear. 
In  some  works  recently  erected  the  engine  and  blowing  cylinders  are 
placed  horizontally,  and  the  working  beam  and  several  other  parts  re- 
quired with  the  vertical  engine  have  been  dispensed  with.  Engines  of  this 
kind  are  at  work  in  several  Scotch  works,  in  Yorkshire,  Derbyshire,  and  in 
Wales.  In  first  cost  they  are  the  cheapest  of  any  hitherto  erected,  but  in 
maintenance  they  appear  to  be  the  most  expensive.  We  are  advocates  for 
that  measure  of  simplicity  which  does  not  interfere  with  the  eflSciency  of 
the  engine,  but  any  simplification  and  reduction  in  the  first  cost  which  en- 
tails stoppages  and  frequent  repairs  is  more  than  counterbalanced  by  the 
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minoTis  consequences  to  the  blast  furnace.  The  horizontal  engines  in  nse 
are,  without  exception,  more  inefficient  and  expensive  in  maintenance  than 
the  old  class  of  condensing  engines.  When  the  essentials  of  a  good  blow- 
ing-engine are  considered  their  inefficiency  ceases  to  be  a  matter  of  sur- 
prise. 

The  horizontal  construction  was  first  used  in  small  steam-engines,  and 
since  its  general  adoption  in  locomotive  engines  this  arrangement  has  part- 
ly supplanted  the  beam  and  vertical  cylinder  engine.  With  small  engines 
the  change  has  unquestionably  been  advantageous — a  point  on  which  we 
can  speak  from  the  experience  obtained  in  the  working  of  between  twenly 
and  thirty  erected  by  ourselves  in  the  last  few  years ;  but  when  applied  to 
engines  of  the  largest  calibi*e  disadvantages  of  a  serious  character  are  met 
with.  The  unequal  wear  of  the  cylinder,  and  the  rapid  wear  of  the  piston 
are  the  greatest  defects  of  horizontal  engines.  They  exist  more  or  less  in 
all  engines  having  horizontal  cylinders,  locomotives  included,  but  are  most 
apparent  in  large  engines.  In  these  the  bearing  surface  of  the  piston,  in 
proportion  to  its  weight,  is  diminished  as  the  diameter  of  the  cylinder  is 
increased.    From  this  arises  the  rapid  wear. 

The  duration  of  the  cylinders  of  horizontal  engines  before  the  wear  be- 
comes so  great  as  to  render  reboring  necessary  depends  on  the  hardness  of 
the  metal  in  the  cylinder  and  piston.  Soft  metal  will  require  reboring  in  a 
comparatively  short  period.  In  the  case  of  a  33-inch  cylinder  engine,  made 
of  soft  Scotch  hot-blast  iron,  the  direct  wear  after  the  piston  had  travelled 
70  millions  of  feet  was  nearly  J  inch  in  depth  in  the  middle.  With  harder 
metal  cylinders  of  a  smaller  diameter  (18-inch)  lasted  for  nearly  300 
millions  of  feet.  Locomotive  cylinders  average,  taking  the  working  of  ten 
engines  at  the  Dowlais  works,  350  millions  of  feet.  In  these  three  exam- 
ples the  distance  travelled  by  the  piston  was  distributed  over  periods  vary- 
ing from  four  to  ten  years,  so  that  the  necessity  for  reboring  and  refitting 
occurred  at  only  comparatively  distant  intervals.  It  remains  to  be  seen 
how  long  the  steam  cylinder  of  an  horizontal  blowing-engine  could  be 
worked  without  reboring. 

The  velocity  of  the  high-pressure  engine  may  be  taken  as  averaging 
400  feet  per  minute,  at  which  rate  the  piston  will  have  travelled  300 
million  feet  in  17  months,  consequently  the  necessity  for  stopping,  reboring, 
and  a  thorough  refitting  of  the  engine  would  occur  at  intervals  of  a  few 
months,  instead  of  years.  The  peculiar  circumstances  under  which  blowing- 
engines  work  have  been  altogether  overlooked  in  the  application  to  them 
of  the  horizontal  construction.  It  is  seen  that,  measured  by  the  distance 
travelled  by  the  piston — the  only  correct  index — the  wear  of  the  cylinder 
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to  an  tuiBeryiceable  point  would  be  accomplished  in  one-fifth  of  the  tune 
usual  with  engines  of  this  description  applied  to  other  purposes. 

This  is  of  itself  sufScient  to  account  for  the  defective  performance  of 
this  class  of  engine.  But  a  still  greater  defect  is  found  to  exist  in  the 
working  of  the  blowing  piston.  It  is  known  that  in  large  steam  cylinders 
on  this  principle  the  wear  is  greater  than  in  small  engines.  What,  then, 
must  be  the  wear  with  cylinders  of  9  and  10  feet  diameter?  In  those 
blowing-engines  which  have  been  erected,  it  has  been  found  proportion- 
ately  great.  The  wear  of  a  horizontal  blowing-cylinder  is  much  greater 
than  that  of  a  steam  cylinder  of  like  diameter.  In  the  latter  case  the 
tallow,  or  other  lubricating  material,  descends  to  the  lower  side,  where  the 
nibbing  occurs,  and  is  there  maintained  in  a  fluid  state  by  the  heat  of  the 
steam.  The  blowing  cylinder  is  lubricated  with  blacklead,  or  a  compound 
of  which  blacklead  forms  the  chief  ingredient,  which  indeed  falls  to  the 
bottom,  but  on  account  of  the  coldness  of  the  cylinder  and  the  passing  dast, 
collects  at  the  ends  behind  the  pistons  and  does  little  real  service  in 
reducing  the  friction.  This  diflSculty  of  keeping  the  rubbing  surface 
well  lubricated  is  made  painfully  apparent  by  the  romping  noise  common 
to  these  engines.  We  have  found  the  vibration  occasioned  by  the  friction 
of  the  piston,  when  the  engine  has  been  driven  at  a  higher  speed  than  250 
feet  per  minute,  so  great  as  to  endanger  its  stability.  With  a  view  to 
reducing  the  wear  the  piston  has  been  made  ciff  wrought-iron,  and  hard 
steel  bars  haTC  been  fitted  into  the  cylinder.  The  piston-rod  has  been 
continued  through  the  back  end  of  the  cylinder,  but  without  any  appreci- 
able improvement.  A  third  plan  has  been  adopted  and  partially  reniedies 
the  defect — the  piston  is  mounted  on  small  wheels,  which  roll  on  the  inner 
surface  of  the  cylinder  and  reduce  the  abrasion.  All  these  expedients, 
however,  are  so  many  evidences  that  the  horizontal  blowing-engine  in  cost 
of  maintenance  and  irregularity  in  working  is  really  more  expensive 
than  condensing  or  high-pressure  engines  with  working  beams.  Looking 
at  the  inherent  defects  of  all  engines  on  this  principle,  we  do  not  consider 
it  possible  in  the  present  state  of  mechanical  science  to  construct  hori- 
zontal blowing-engines,  that  can  successfully  compete  with  those  with 
vertical  cylinders. 

In  the  construction  of  the  vertical  cylinder-engine  there  are  some 
points  which  demand  close  attention.  A  very  common  error  is  to  make 
the  blowing  piston-rod  too  small.  Engine  makers  have  assumed  that  as 
the  pressure  on  the  blowing  piston  is  less  than  that  on  the  steam  piston, 
a  rod  of  the  same  tensile  strength  will  suflSce.  But  in  this  assumption  the 
larger  diameter  of  the  blowing  piston  and  the  greater  leverage  which  it  has 
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to  bend  the  rod  has  been  overlooked.  From  inattention  to  ihifi  eircnm- 
stance  the  breaking  of  the  rod  is  not  an  xmnsnal  oecnrrenoe.  The  smallest 
sectional  area  of  the  blowing  piston-rod  should  be  double  that  of  the 
steam  piston-rod,  and  one  of  still  larger  area  is  preferable.  The  vibration 
of  the  quick-moving  piston-rods  in  the  Dowlais  engines  is  considerable, 
and  eventuallj  diminishes  the  tensile  strength  of  the  iron  to  the  working 
strain,  when  fracture  takes  place. 

The  area  opened  by  the  wind  valves  for  the  admission  of  air  to  the 
blowing  cylinder  cannot  be  too  large,  where  a  maximum  working  speed  is 
intended.  By  having  a  large  area  and  valves  in  proportion,  the  duration 
of  the  valves  will  be  increased  and  the  working  of  the  engine  improved. 
We  have  found  in  practice  that  the  wind  valves  work  silently  at  a  speed 
of  600  feet  per  minute,  when  the  aggregate  area  at  each  end  is  one-haJf 
the  area  of  the  piston.  The  aggregate  area  of  the  delivery  valves  at  each 
end  ought  to  be  not  less  than  one-seventh  the  area  of  the  piston.  Yalves 
of  one  uniform  size  throughout  should  be  employed ;  two  thicknesses  of 
leather  rivetted  together  are  sufficient,  where  the  seating  is  crossed  by 
wrought-iron  bars,  reducing  the  space  between  the  beats  to  about  ax 
inches  each  way. 

The  area  of  the  blast  pipes  should  be  as  large  as  possible,  as  a  rule  not 
less  than  one-seventh  of  the  area  of  the  piston,  a  prc^ortion  of  one-fifth 
even  would  be  better,  an4  by  acting  as  a  magazine  would  ensure  greater 
regularity  in  the  delivery  of  the  blast. 

A  diversity  of  opinion  exists  as  to  the  merits  of  different  descriptions  of 
packing  for  the  blowing  piston ;  formerly  l^tther  was  universally  employed, 
but  with  the  high  velocity  at  which  engines  are  now  driven  this  packing 
is  not  so  durable  as  could  be  desired.  We  have  adopted  hemp  and  gasket 
or  oakum  packing,  screwed  down  with  the  common  junk  ring  cast  in  seg- 
ments for  convenience  of  handling,  and  found  that  for  durability  and 
cheapness  it  is  unrivalled.  The  piston  goes  four  or  five  months  without 
calling  for  examination  and  the  packing  is  renewed  once  only  in  sixteen 
or  eighteen  months.    (Plate  XL.,  Fig.  232). 

It  is  usual  to  make  the  beam  so  that  the  stroke  at  each  end  shall  be 
equal,  but  we  find  the  working  of  the  engine  improved  when  the  stroke  in 
the  steam  cylinder  is  longer  than  in  the  blowing  cylinder.  By  lengthen- 
ing the  steam  cylinder  the  expansive  principle  may  be  applied  with  the 
greatest  advantage ;  and  in  consequence  of  the  continuous  action  of  the 
blowing-engine,  a  duty  or  performance  may  be  realized  little  inferior  to 
that  of  the  best  Cornish  pumping  engines,  and  greatly  superior  to  any- 
thing attained  with  the  best  marine  and  mill  engines. 
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For  attaining  a  maximnm  efibct  the  oidinaty  proportionB  followed  in 
the  constmotion  of  engines  require  to  be  modified.  The  area  of  the 
passages  and  ralres  for  the  admission  of  steam  shonld  not  be  less  than 
y'jth  of  the  area  of  the  steam  piston.  In  general  it  is  much  less,  and  the 
consequences  are  seen  in  the  slow  speed  at  whioh  the  engine  oan  be 
driven.  At  three  engines  in  the  Dowlais  works  the  proportion  of  the  area 
of  the  steam  valve  to  the  area  of  the  piston  is  as  1  to  40, 1  to  42,  and  1  to 
52  respectively.  These  passages  are  much  too  small^  and  under  no  cir* 
cumstances  can  these  engines  be  made  to  travel  faster'  than  280  feet  per 
minute.  The  boiler  power  is  ample  for  a  speed  of  500  feet,  but  £rom  the 
contraction  of  the  passage  the  pressure  oannot  be  maintained  in  the 
cylinder  at  high  velocities.  In  the  blowing-engine  erected  during  our 
connection  with  that  establishment,  we  made  the  area  of  the  passage  equal 
to  fV^  of  ^^6  piston.  This  engine  attained  a  speed  of  650  feet  per 
minute,  delivering  more  than  double  the  volume  of  blast  it  could  have 
done  with  the  usual  contracted  passages. 

Asa  precaution  against  accidents  and  the  ruinous  consequences  they 
entail,  every  part  of  a  blowing-engine  should  be  twice  as  strong  as  in  any 
other  class  of  engine.  In  marine  and  locomotive  engines  lightness  is  an 
object ;  but  here  the  cost  of  a  few  tons  of  iron  is  trifling  in  comparison 
with  the  losses  occasioned  by  accidental  stoppages.  Labour  is  the  most 
expensive  item  in  the  construction,  and  this  is  nearly  the  same  whether 
the  engine  is  lightly  or  strongly  made ;  so  that  the  additional  expense 
entailed  by  the  extra  strength  only  amounts  to  the  value  of  the  additional 
material. 

The  generation  of  the  blast  at  a  cheap  rate  is  an  object  of  importance 
to  the  smelter.  Coal  is,  perhaps,  the  heaviest  item  in  the  working  ex- 
penses, and  the  consumption  of  this  varies  with  the  efBciency  of  the 
engines  employed.  The  least  consumption  is  with  the  high-pressure 
beam-engines.  To  show  the  room  that  exists  for  improvement  in  the 
majority  of  blowing-engines,  we  give  the  quantity  of  coal  consumed  at 
different  works  to  generate  a  given  quantity  of  blast. 

Dowlais. — ^0. 1  blowing-engine,  high-pressure,  non-condensing :  blow- 
ing cylinder,  144  inches  in  diameter ;  stroke  of  piston,  12  feet ;  19  double- 
strokes  per  minute ;  quantity  of  air  at  a  pressure  of  8  lbs.  to  the  square 
inch  discharged  per  minute,  51,528  cubic  feet.  Coal  consumed  in  twenty- 
four  hours,  25  tons ;  per  minute,  88.8  lbs.  Quantity  of  air  at  a  density 
of  3  lbs.  to  the  inch  for  each  pound  of  coal  consumed,  1828  cubic  feet. 

No.  5  blowing-engine,  high-pressure,  non-condensing :  blowing  cylinder, 
144f  inches  in  diameter ;  stroke,  9  feet  3  inches ;  strokes  per  minute,  13 ; 
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quantity  of  air  per  minute  at  a  pressure  of  2f  lbs.,  27,4:76  cubic  feet. 
Consumption  of  coal,  15  tons  per  twent  j-four  hours ;  per  minute,  23.3  lbs. 
Quantity  of  air  (corrected  to  a  density  of  3  lbs.  per  inch)  per  pound  of 
coal,  980  cubic  feet. 

No.  4  blowing-engine,  low-pressure,  condensing:  blowing  cylinder, 
108  inches  in  diameter ;  stroke,  7  feet  6  inches ;  strokes  per  minute,  17 ; 
quantity  of  air  at  a  pressure  of  2^  lbs.  per  minute,  16,218  cubic  feet 
Coal  consumed  in  twenty-four  hours,  11  tons;  per  minute,  17.1  lbs. 
Quantity  of  air  (corrected  to  a  density  of  3  lbs.)  per  pound  of  coal  con- 
sumed, 790  cubic  feet. 

Hirwain. — ^Blowing-engine,  low-pressure,  condensing:  blowing  cylin- 
der, 104  inches  in  diameter ;  stroke,  7  feet  3  inches ;  strokes  per  minute, 
16  ;  quantity  of  air  per  minute  at  a  pressure  of  3  lbs.,  13,688  cubic  feet. 
Coal  consumed,  17.2  tons  per  twenty-four  hours ;  per  minute,  26.5  lbs. 
Quantity  of  air  discharged  at  a  density  of  3  lbs.  for  each  pound  of  coal 
consumed,  512  cubic  feet. 

Corhyn^a  HaU. — ^Two  blowing-engines,  low-pressure,  condensing : 
quantity  of  air  per  minute  at  a  pressure  of  2^"  lbs.,  16,185  cubic  feet. 
Coal  consumed  per  twenty-four  hours,  13  tons;  per  minute,  20.2  lbs. 
Quantity  of  air  discharged  (corrected  to  a  pressure  of  3  lbs.  per  inch  )  per 
poimd  of  coal  consumed,  622  cubic  feet. 

Oartaherrie. — Blowing-engine,  low-pressure,  condensing :  blowing  cy- 
linder, 120  inches ;  8ti*oke,  9  feet  6  inches ;  strokes  per  minute,  16  ;  quan- 
tity of  air  per  minute  at  a  pressure  of  2f  lbs.,  24,335  cubic  feet.  Coal 
consumed  in  twenty-four  hours,  35  tons ;  per  minute,  55  lbs.  Quantity 
of  air  discharged  (corrected  to  a  density  of  3  lbs.)  per  pound  of  coal  con- 
sumed, 405  cubic  feet. 

Monkland. — ^Blowing-engine,  high-pressure,  horizontal  cylinders:  blow- 
ing cylinder,  72f  inches  in  diameter ;  stroke,  9  feet ;  strokes  per  minute, 
18 ;  quantity  of  air  per  minute  at  a  pressure  of  3  lbs.,  9298  cubic  feet. 
Consumption  of  coal  per  twenty-four  hours,  15  tons ;  per  minute,  23.3  lbs. 
Quantity  of  air  discharged,  at  a  pressure  of  3  lbs.  the  inch,  per  pound  of 
coal  consumed,  400  cubic  feet. 

Wingerworth. — ^Pair  of  blowing-engines,  high-pressure,  horizontal  cyl- 
inders :  blowing  cylinders,  48  inches  diameter  ;  stroke,  7  feet ;  strokes  per 
minute,  12  ;  quantity  of  air  per  minute  at  a  pressure  of  2J  lbs.,  4221  cubic 
feet ;  consumption  of  coal  per  twenty-four  hours,  6.5  tons ;  per  minute,  10.1 
lbs.  Quantity  of  air  discharged  (corrected  to  a  pressure  of  3  lbs.  the  square 
inch)  per  pound  of  coal  consumed,  313  cubic  feet.  Direct  action  revolving- 
engine,  high-pressure  steam,  working  fans :  quantity  of  blast  generated  at  a 


BLOWma-ENGINEa 


229 


pressure  of  1|  lbs.  to  the  Bquare  inch,  4200  cubic  feet  per  minute ;  con- 
sumption of  coal,  8.6  tons  in  twenty-four  hours;  per  minute,  13.4  lbs.; 
quantity  of  air  discharged  (corrected  to  a  pressure  of  3  lbs.  the  square  inch) 
per  pound  of  coal  consumed,  166  cubic  feet. 

These  quantities  show  that  the  cost  of  generating  the  blast,  measured 
by  the  consumption  of  coal,  is  much  less  with  one  class  of  engines  than 
with  the  others.  The  great  superiority  of  the  high-pressure  beam-engine, 
using  the  steam  expansiyely  as  is  done  at  the  Dowlais  works,  is  very 
apparent  in  the  following  tabulated  statement  of  the  performance  of  the 
foregoing  nine  engines : 


Consumption  ov  Coal  in  DimitsNT  Blowing-Enginis. 


ISTame  of  Worki. 

Description  of  Engine. 

Cabio  feet  of  blast 

dlacbarffed  at  a 

pressare  of  3  lbs.  for 

each  poand  of  coal 

consumed. 

Dowlaia    . 

•        • 

• 

Hirwain 
Corbyn'sHall  . 
Gartaherrte   • 
Monkland 
Wingerworth 

A4 

•                  1 

■                . 

• 
• 
• 

High-preasore  beam      .... 

it                              4t 

•  •               •               . 

Low-pressure  condensmg 

•  •          •          * 

tt                    (( 

.... 

•  •          .          . 

High-pressure  horizontal 

.... 

High-pressure  rotary     .... 

1828 
980 
790 
612 
622 
406 
400 
818 
166 

From  this  it  appears  that  the  mean  duty  of  the  high-pressure  engines^ 
is  1154  cubic  feet;  of  the  low-pressure  condensing-engines,  660  cubic  feet; 
and  of  the  high-pressure  horizontal,  356  cubic  feet.  The  rotary  engine 
and  fan-blast  may  be  considered  as  the  least  effective  form  in  which  the 
power  of  steam  can  be  employed. 

These  quantities  agree  nearly  with  the  average  consumption  of  the 
Dowlais  engines,  of  which  we  annex  a  tabular  statement : 


Blowing-Engines,  Dowlais  Wobxb, 


NoLof 
Engine. 

Description  of 
Engine. 

Diameter 

of  blowing 

cylinder  in 

inches. 

Cable  feet 

of  air  dis- 

chaivod  per 

mfnute. 

Pressure  of 

blast 
maintained. 

Consumption 
of  coal  per 

twenty-Tonr 

hoars,  In 

tons. 

1 

Consamptlon 

of  coal  per 

minnte,  in 

pounds. 

Cubic  ft.  of  blast 

discharged  at 

3  lbs.  pressure 

per  lb.  of  coal 

consumed. 

1 

Condensing. 

8Y.H 

11970 

21 

8.0 

12.4 

800 

2 

ii 

108.t\ 

17226 

2i 

11.5 

18.0 

797 

8 

K 

100. 

16850 

2^ 

11.5 

18.0 

681 

4 

tt 

108. 

16218 

2i 

11.0 

17.1 

790 

5 

High  presstire. 

144.i 

27476 

H 

16.0 

28.8 

980 

6 

ti 

122. 

20687 

2i 

18.0 

20.2 

850 

7 

4( 

144. 

28476 

2f 

17.0 

26.4 

998 

1 

tt 

144. 

61628 

8 

25.0 

88.8 

1828 

^980 
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While  established  in  theDowlais  workawe  made  a  serieaof  experb 
meats  on  the  blowing  and  other  engines^  with  a  view  of  ascertaining  what 
proportion  of  the  power  yielded  by  the  steam  pressure  was  absorbed  by 
the  engine  in  overcoming  its  friction  and  inertia.  For  this  purpose  we 
took  indicator  diagrams  of  the  yarious  steam  and  blowing  cylinders,  and 
by  comparing  the  horse-power  everted  on  the  steam  piston  with  that 
given  out  on  the  blast  piston  we  ascertained  with  considerable  conrectnesB 
the  per-centage  absorbed  by  the  engine. 

.  .   In  the  following  table  we  have  furnished  the  results  obtained  fn»n 
these  diagrams,  as  far  as  they  relate  to  the  blowing  engines : 


Tabub  bhkwino  thb  Powxb  absorbed  bt  Friction,  &c.,  m  thb  BLownro-EHoima  at  m 

DowLAXs  Works. 


Mean  worlclng 

Horse-power  given 

No.  of 

Engine. 

Diameter  of 
steam  cyl- 
inder. 

pressare  on 
Rteam  piston  in 
lbs.  per  square 
inch,  by  Indi- 
cator. 

Horse-power 

exerted  on  the 

steam  piston. 

Mean  pressure 
of  the  air  on  the 
blowing  piston. 

Horse-power 
given  out  by  the 
blowing  pi^n. 

ontbytheblovlQs 
piston  fbr  100- 

erted  on  the  stssra 
pistdn. 

1 

41 

11.7 

183 

2.80 

119 

89 

2 

60 

11.8 

190 

2.42 

172 

90 

8 

60 

11.0 

196 

2.15 

164 

78 

4 

64i 

10:83       • 

195 

2.80 

162 

88 

6 

64 

•10.0 

806 

2.24 

268 

88 

It 

86A 

210 

— 

— 

— 

; — 

6 

40 

28.0 

27a 

2.88 

240 

88 

7 

63 

— . 

868 

2.64 

821 

87 

1 

66 

— 

696 

2.66 

600 

86 

Total  .. 

2866 

2086 

86.4 

In  connexion  with  this  sabject,  we  have  drawn  np  a  table  of  the 
dimensions  of  the  principal  parts  of  the  blowing-engines  at  the  Dowlaia 
works.  The  large  size  of  these  engines — averaging  as  they  do  more  than 
260-horse-power  each-— their  low  consumption  of  coal,  and  the  generally 
cheap  rate  at  which  they  are  worked,  will  probably  render  the  information 
interesting  to  engineers  employed  in  iron- works. 

The  sizes  of  the  cylinders  will  be  ascertained  by  referring  to  the  pre- 
ceding tables : 
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The  consumption  of  stores  at  the  blowing-engines,  forms  a  considerable 
item  in  the  working  expenses.  We  are  acquainted  with  engines  where  it 
is  from  twice  to  thrice  the  necessary  quantity.  Subjoined  is  a  table  of 
the  consumption  after  some  years  of  retrenchment : 
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In  addition  to  the  foregoing  goods,  the  first  seven  engines  consumed 
monthly,  158  lbs.  of  new  brass,  and  returned  to  store  143  lbs.  of  old ; 
41  lbs.  of  valve  leather;  24  tons  of  miscellaneous  castings;  18  tons  of 
sheet-iron,  afterwards  returned  as  old  iron ;  2^  tons  of  wrought-iron,  and 
smaller  quantities  of  other  goods. 


SECTION  XV. 


REFINING. 


This  is  a  process  commonly  used  in  the  Welsh  ironworks,  and,  to  a 
certain  extent,  in  the  other  iron-making  districts  of  this  country.  In  the 
manufacture  of  the  finest  qualities  of  wrought-iron  it  is  universally 
adopted/ but  with  the  inferior  kinds  it  is  not  so  much  employed  as 
formerly. 

The  refinery  furnace  (Pis.  XLL — XLm.)  usually  consists  of  a  strong 
cast-iron  framework,  surmounted  by  a  short  brick  chimney.  The  bottom 
frame  rests  on  a  brick  or  masonry  bedding,  upon  which  is  laid  a  fioor  or 
hearth  of  dressed  sandstone,  10  or  12  inches  thick.  At  each  side  and  at 
the  back,  within  the  yertical  frames,  cast-iron  water-blocks  are  fixed,  and 
a  cast-iron  damplate  in  front,  the  whole  forming  a  quadrangular  space 
about  4  feet  square  inside,  by  15  or  18  inches  deep.  Above  the  side 
blocks,  and  resting  on  a  ledge  cast  for  their  reception,  are  fixed  tuyere 
plates,  2  to  3  inches  thick,  having  openings  for  the  insertion  of  the  water 
tuyeres,  and  bolted  fast  at  the  ends  to  the  verticfd  frames.  The  space 
between  the  tuyere  plates  and  the  top  frame  which  carries  the  chimney  is 
fitted  with  stout  cast-iron  plates,  bolted  at  the  ends  to  the  vertical  frames. 
In  front,  resting  on  the  damplate,  it  is  usual  to  have  a  dast-plate  for  the 
convenience  of  filling  and  working  the  fire.  At  a  height  of  a  few  inches 
above  this  plate  in  front,  and  also  above  the  rear  water-block,  cast-iron 
doors  about  2i  feet  high  are  hung  to  the  side  frames.  Through  these 
doors  the  working  operations  are  carried  on. 

At  a  suflBcient  distance  below  the  inside  floor  of  the  refinery,  and  a  few 
inches  in  advance  of  the  damplate,  the  casting  bed  or  pig-mould  is  con- 
structed. A  brick,  or,  what  is  better,  a  cast-iron  cistern,  about  80  feet 
long,  4  feet  wide,  and  2  feet  deep,  forms  the  substructure.  The  casting 
bed  is  composed  of  thick  cast-iron  blocks,  about  8i  feet  wide,  the  same  in 
length,  and  6  or  8  inches  thick,  having  fianges  at  each  side  to  rest  on  the 
edges  of  the  cistern  underneath,  and  sloping  flanges  on  the  upper  surface, 
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to  restrain  the  fluid  metal  within  the  desired  limits.  When  in  working 
order  the  cistern  is  filled  with  water  to  within  an  inch  or  two  of  the  monld 
blocks,  and  is  maintained  at  this  level  by  a  small  stream,  the  superfluous 
water  escaping  by  an  overflow  notch.  The  jointing  of  the  mould  blocks 
to  each  other  is  done  with  care,  that  no  metal  may  penetrate  into  the 
cistern  below  ;  a  thin  stratum  of  fire-clay  between  them  generally  suffices 
for  this  purpose.  The  blocks  are  maintained  in  close  contact  by  stout 
clamps  taking  hold  of  corresponding  snugs  cast  on  the  sides  of  the 
moulds. 

The  mould  blocks  are  also  made  with  a  flange  running  down  the 
centre,  dividing  the  plate  of  metal  into  two  widths ;  and  to  reduce  still 
further  the  labour  of  breaking  it  up  they  are  sometimes  constructed  with 
longitudinal  grooves  for  receiving  the  metal,  the  dimensions  and  length 
being  very  similar  to  those  of  the  moulds  prepared  in  the  dust-bed  of  the 
blast  furnace  for  forming  the  original  pigs. 

The  blowing  arrangements  usually  consist  of  two  or  three  small  nozzle 
pipes  at  each  side.  Each  pipe  is  furnished  with  a  suitable  stop-valve  for 
regulating  the  supply  of  blast.  The  connexion  between  the  metal  nozzle 
pipe  and  the  fixed  blast  pipe  conttdning  the  valves  is  generally  made  by  a 
leather  bag  fastened  at  the  ends  around  the  pipe  by  screw  damping- 
glands.  The  leather  bags,  however,  may  be  dispensed  with,  and  their 
place  supplied  by  telescope  pipes  having  a  cup-and-ball  joint  as  a  pro- 
vision for  any  variation  that  may  be  required  in  the  lateral  and  vertical 
direction  given  to  the  blast.  This  mode  of  connexion  has  been  in  use  at 
the  Dowlais  works  in  sixteen  rdineries  for  about  fourteen  years.  Its  first 
cost  is  somewhat  higher,  but  it  has  been  found  much  less  expensive  in 
repairs  and  renewals  than  the  common  leather  connexion. 

Befineries  are  also  constructed  with  a  single  pipe  at  the  back ;  the 
framework,  water-blocks,  mould,  and  other  parts,  are  then  of  a  lighter 
description,  and  the  fire  is  altogether  of  much  smaller  dimensions.  Other 
refineries  are  constructed  with  two,  and  sometimes  three,  pipes  at  the 
back.  They  are  known  as  single  refineries,  while  those  having  two  sets 
of  pipes,  one  on  each  side,  as  in  the  fire  we  have  described,  are  known  as 
double  refineries.  The  double  fires  are  generally  blown  with  two  or  three 
pipes  on  each  side,  but  four  may  be  seen  at  some  works. 

Hefineries  are  also  distinguished  as  melting-^own  and  running-in  fires. 
The  former  melts  cold  pigs  from  the  blast  furnace,  old  castings,  and 
scraps,  wliile  the  latter  works  on  hot  fluid  metal  direct  from  the  blast 
furnace. 
.   •  The  melting«down  refinery  is.  usually  in  a  building  by  itself  at  some 
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di&tance  from  the  blast  furnace.  The  mjming*>m  fire  ia  erected  immedi- 
ately contiguous  to  the  blast  furnace,  from  which  the  crude  iron,  on  being 
tapped,  flows  into  it.  This  mode  of  working  was  first  practised  at  the 
Dowlais  works.  It  has  since  been  adopted  at  other  works  with  a  consid- 
erable saving  of  coal. 

The  operation  of  refining  crude  pigriron  is  conducted  nearly  as  follows : 
The  floor  of  the  fire  is  strewn  with  some  broken  sandstone,  and  a  fire  is  lit 
in  the  centre.  A  quantity  of  coke  is  filled  in,  and  a  light  blast  directed 
upon  it.  A  charge  of  pigs,  scraps,  or  broken  castings  is  next  placed  on 
the  ignited  coke ;  a  fresh  charge  of  fuel  is  heaped  on  the  pigs,  and  the  full 
power  of  the  blast  brought  into  action.  The  weight  of  pig-iron  or  other 
metal  charged  will  vary  with  the  size  of  the  fire,  but  may  be  takoa  at  3 
tons,  and  the  coke  for  the  same  at.  5  cwts.  An  intense  heat  is  soon  pro- 
duced;  the  broken  sandstone  on  the  floor  melts,  and  glazes  the  surface  of 
the  hearth.  In  the  course  of  about  an  hour  the  metal  begins  to  melt, 
dropping  through  the  coke  to  the  hearth ;  in  about  two  hours  or  two 
houraand  a  half  the  whole  of  the  iron  is  melted  and  lies  under  the  coke. 
The  blast  is  still  kept  up^  fresh  coke  is  added,  and  the  metal  heaves  and 
boils  from  the  evolution  of  gases.  The  process  is  continued  until  the 
whole  being  sufficiently  decarburized,  the  fluid  metal  is  tapped  into  the 
caslriron  mould-bed.  To.  render  it  more  easy  of  removal  from  the  mould, 
small  dams  of  cinder  are  placed  across  at  convenient  distances,  thinning 
the  plate  nietal  at  such  places  sufficiently  to  render  its  separation  easy. 

The  iron  and  cinder  escape  together  from  the  refinery  into  the  mould, 
but  from  its  hiferior  specific  gravity  the  great  body  of  the  cinder  rises  and 
collects  on  the  surface  of  the  plate.  This  separation  of  the  metal  from  the 
cinder  is  stimxQated  by  throwing  water  on  the  fluid  metal  immediately 
that  the  entire  charge  has  left  the  refinery.  The  sudden  cooling  caused 
by  the  water  renders  the  metal  very  brittle,  and  facilitates  its  subsequent 
breakage  into  pieces  fit  for  the  puddling  process. 

The  tin^  ooeupied  in  the  operation  of  refining  each  fireful  will  average 
about  three  houra.  White  forge-iron  is  not  blown  so  long  as  grey  pigs ; 
the  latter  oilfcen.  require  three  and  a  half  to  four  hours  to  be  properly 
refined.  Castings  take  still  .longer;  the  large  and  irregularly  shaped 
pieces  to  be  melted  frequently  require  nearly  twice  the  usual  quantity  of 
blowing  to  effect  their  reduction. 

With  the.  xunniz^-in  refinery  the  operation  is  difierent^  since  the  metal 
is  charged,  or  more  correctly  speaking  run,  into  the  fire  in  a  fiuid  state ; 
hence  the.  time  occupied  .in  melting  it  is  saved.  Tbese  fires  are  conse* 
qnently  enabled  tOt  refine  a  larger  quantity  in  a  given  time,  and  are  also 
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worked  more  economically  in  their  consamption  of  labour  and  fael  than 
the  others. 

A  few  pounds  of  the  cinder  from  previous  refinings  are  added  in 
operating  upon  such  irons  as  are  smelted  with  less  than  the  usual  propor- 
tion of  cinder  in  the  blast  furnace.  By  the  addition,  in  moderate 
quantities,  of  a  good  cinder  the  work  is  hastened  and  the  yield  of  iron 
improved.  In  this,  as  indeed  in  every  other  operation,  the  presence  of 
cinder  in  moderate  quantities  is  highly  beneficial ;  when  it  is  produced  in 
small  quantities  the  operation  becomes  more  difficult,  the  quality  variable, 
and  the  yield  generally  bad. 

The  bottom  of  the  hearth,  from  the  intense  heat  of  the  fire  and  the 
force  of  the  blast  being  directed  on  it,  is  burnt  away  in  a  short  period,  and 
usually  requires  repair  once  a  week.  Brick  bottoms  are  used  at  some 
works ;  and  the  practice  of  repairing  the  hearth  by  covering  it  with  a 
course  of  bricks  weekly  is  also  practised  to  some  extent.  For  durability, 
however,  a  sandstone  bottom  of  millstone  grit  is  superior  to  all  others. 

For  conveying  the  blast  into  the  hearth  small  wrought-iron  tuyeres 
are  used,  having  their  smaller  orifice  1|  or  If  inches  diameter,  and  the 
larger  3^  or  4  inches.  A  It  inch  or  f  inch  pipe  is  screwed  into  the  upper 
end  as  an  inlet  pipe,  and  a  similar  one  as  an  outlet  for  the  water.  The 
inlet  pipes  are  connected  with  a  small  cistern,  placed  three  or  four  feet 
above  the  tuyere ;  the  outlet  pipes  discharge  the  water  into  the  side  blocks, 
from  which  it  enters  the  rear  block,  and  finally  is  conveyed  by  a  small 
pipe  to  the  cistern  under  the  mould-bed. 

The  nozzles  of  the  blowing  pipes,  in  double  refineries,  where  four  are 
employed,  are  usually  If  inch  diameter,  or  if  of  another  section,  are  equal 
in  area  to  a  circular  pipe  of  this  size.  A  pipe  fiattened  at  the  point,  so  as 
to  increase  the  horizontal  surface  of  action,  is  considered  by  some  refiners 
as  superior  to  the  circular  form.  The  angle  which  the  direction  of  the 
issuing  blast  makes  with  the  bottom  is  a  matter  of  some  importance.  We 
have  obtained  the  best  results  when  the  line  of  the  blast  makes  an  angle 
of  88  deg.,  and  the  angle  enclosed  by  the  two  streams  of  blast  105  deg., 
the  meeting-place  of  the  streams  being  continued  their  direction  by  two 
lines  being  at  the  upper  surface  of  the  hearth. 

THEOBT  OF  THE  BEFIKINO    FUBHAOiB. 

The  operation  of  refining  is  a  combination  of  chemical  and  mechanical 
processes,  whereby  the  metallic  alloy  is  deprived  of  a  portion  of  the 
extraneous  matters  contracted  in  the  blast  furnace.  The  crude  iron  con- 
tains various  substances  in  mixture ;  generally  the  most  important  consist 
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oi  carbon,  Bilicon,  and  aluminium,  as  will  be  seen  by  referring  to  the 
analyses  in  a  preceding  section.  It  is  the  province  of  the  refiner  to 
extract  from  it  the  larger  portion  of  these  impurities  preparatory  to  its 
conversion  into  malleable  iron. 

For  this  purpose  the  crude  iron  is  fused  in  the  refinery  fire,  along  with 
coke  or  charcoal,  as  before  described,  and  there  kept  at  a  liquid  heat  for  a 
short  period  by  means  of  numerous  small  jets  of  air.  In  the  blast  furnace 
the  atmospheric  air  delivered  through  the  blast  pipe  is  required  for  the 
maintenance  of  combustion.  In  the  refinery  the  blast  answers  a  double 
purpose.  It  creates  and  maintains  an  intensely  high  temperature,  fusing 
the  crude  iron  with  great  rapidity,  and  promotes  the  rapid  oxydation  of 
the  impurities.  But  in  this  process  a  considerable  quantity  of  metal  is 
also  oxydised,  and  this,  in  combination  with  a  portion  of  earthy  matter, 
forms  the  refinery  cinder.  Hence,  of  the  oxygen  of  the  blast  delivered 
into  the  refinery  the  larger  volume  tmites  with  the  carbon  of  the  fuel, 
forming  carbonic  acid,  and  ascends  into  the  atmosphere — ^a  minor  volume 
combines  with  the  metal  oxydised,  forming  oxide  of  iron  (still  another 
portion  unites  with  the  carbon '  contained  in  the  molten  crude  iron, 
forming  also  carbonic  acid,  and  escaping  in  a  similar  manner),  while  the 
remaindor  unites  with  the  other  substances,  forming  silica,  alumina,  &c. 
The  separation  of  the  various  impurities  is  further  facilitated,  as  in  the 
hearth  of  the  blast  furnace,  by  mechanical  subsidence.  Specifically 
lighter  than  the  metal,  they  float  on  the  surface,  united  in  definite  propor- 
tion with  oxide  of  iron,  and  to  a  partial  extent  protect  the  lower  stratum 
from  further  oxydation  during  the  process. 

The  decarburization  and  consequent  refinement  of  the  crude  iron  may 
be  effected  by  fusion  and  oxydation  in  reverberatory  furnaces  without  the 
intervention  of  a  blast ;  but,  since  the  blast  expedites  the  operation,  and 
results  ill  a  superior  yield  for  the  same  degree  of  refinement,  it  is  generally 
preferred. 

The  fracture  of  the  refined  plate  metal  when  cold  is  white  and  dense  at  the 
bottom,  but  is  of  a  honeycombed  or  cellular  structure  at  top.  The  depth 
of  the  honeycomb  is  affected  by  the  quality  of  the  iron  and  length  of 
blowing.  K  the  metal  is  from  ordinary  forge  pigs,  and  the  blowing  has 
been  conducted  an  average  time,  the  depth  will  be  from  1  to  H  inch ; 
but  if  the  plate  is  from  good  grey  pigs,  it  probably  will  not  exceed  i  inch. 
By  the  reduced  depth  of  the  honeycomb  and  the  bright  silvery  lustre 
presented  by  the  metal,  the  general  quality  of  the  pig-iron  used  in  its 
manufacture  may  be  pretty  accurately  determined. 

The  make  of  a  running-in  refinery  is  nearly  the  same  as  that  of  a  blast 
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fomace  in  the  same  difitrict.  It  has  increased  and  kept  pace  with  the 
increased  make  of  the  furnace,  so  that  from  25  to  30  tons — Ae  make  with 
single  fires  at  the  beginning  of  this  century — ^it  has  increased  to  ISO  aud 
160  tons  with  the  present  double  refineries.  The  make  of  a  melting-down 
refinery  at  the  present  day  will  range  from  80  to  100  tons  weekly,  but  if 
working  on  all  grey  iron  it  will  seldom  exceed  80  tons ;  and  by  using  old 
castings  of  considerable  bulk  this  make  may  be  reduced  to  about  50  tons. 
The  refineries,  however,  are  under  blast  only  five  daya  weekly,  con- 
sequently during  the  time  they  are  working  they  can  produce  refined 
plate  metal  much  faster  than  the  blast  furnace  can  supply  the  crude  iron« 

The  consumption  of  crude  iron  per  ton  of  refined  metal  at  the  running* 
in  fires  averages  22.3  cwts.  when  refining  common  forge-iron,  and  22.1 
cwts.  when  working  grey  iron  of  superior  quality.  In  the  meltingniown 
fire  the  yield  on  each  is  about  ^V  ^^  ^  owt.  higher* 

The  direct  loss  or  waste  of  metal  in  the  refining  process  is  not  great. 
The  22.3  cwts.  of  crude  iron  produce  1  ton  of  metal,  and  on  an  average  3 
cwts.  of  cinder,  containing  from  56  to  60  per  cent,  of  iron*  Hence,  of  the 
consumption  of  22.3  cwts.  of  iron  21.8  are  obtained  in  plate  metal  and 
cinder,  showing  a  loss  of  but  57  lbs.  per  ton.  This  would  be  still  further 
reduced  if  the  whole  of  the  cinder  could  be  collected,  but  a  portion  is 
carried  up  through  the  chimney  before  the  ascending  blast  in  the  form  of 
small  hollow  globules. 

All  the  varieties  of  crude  iron  smelted  with  a  hot  blast  lose  more  in 
refining  than  those  smelted  with  cold  blast.  The  cause  of  this  is  probably 
that  they  contain  a  greater  quantity  of  earthy  matter,  and  melt  at  a  lower 
temperature  than  cold-blast  irons.  The  consumption  of  crude  iron  per  ton 
of  refined  metal  averages  86  lbs.  per  ton  more  with  all  the  varieties  of 
hot-blast  irons. 

Crude  iron  smelted  from  a  burden  composed  largely  of  cinder  is  refined 
with  a  greater  waste,  for  though  cinder  is  beneficial  when  present  in 
moderate  quantities,  in  excess  it  proves  injurious  to  the  yield  and  quality 
of  iron.  Hence  a  large  addition  of  cinder  in  the  blast  furnace  is  generally 
followed  by  bad  refinery  yields. 

The  consumption  of  coal  in  the  form  of  coke  varies  with  the  description 
of  refinery,  quality  of  coke,  and  quality  of  crude  iron.  In  the  running-in 
fire  working  forge-iron,  the  consumption  of  the  dense  coke  prepared  from 
bituminous  coal  will  be  about  4  cwts.  per  ton  of  metal  made ;  with  grey 
iron  the  consumption  will  rise  to  about  5  cwts.  In  the  melting-down 
refinery  the  consumption  will  be  about  6^  and  8  cwts.  respectively.  If 
the  coke  is  of  a  weak  friable  character  and  of  a  low  specific  gravity  the 
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consmnption  will  be  much  greater^  and  with  Bach  coke  the  waste  of  crude 
iron  in  the  process  will  also  be  increased* 

The  consumption  of  blast  is  small  compared  with  the  consumption  at 
the  blast  furnace,  but  is  sufficiently  high  for  the  perfect  combustion  of  the 
carbon  charged.  When  refining  forge-iron  in  the  ruiming-in  fire  it  is 
about  94,000  cubic  feet  per  ton  of  metal  made,  or  by  weight  3  tons  nearly. 
The  quantity  of  carbon  being  estimated  by  the  weight  of  the  coke  we  find 
that  the  air  necessary  for  its  combustion  is  69,000  cubic  feet,  leaving  an 
excess  of  supply  of  25,000  cubic  feet.  A  portion  of  this  combines  with 
the  carbon  of  the  metal  while  the  remainder  escapes  undecomposed.  If 
we  allow  that  the  metal  is  deprived  during  the  process  of  carbon  amount- 
ing to  2f  per  cent,  by  weight  of  the  whole,  which  is  very  near  the  actual 
loss,  we  shall  find  that  the  quantity  of  air  thus  absorbed  will  amount  to 
17,200  cubic  feet,  leaving  7,800  cubic  feet,  or  one-twelfth  of  the  quantity 
used,  as  waste.  With  grey  iron  the  consumption  will  be  nearly  110,000 
cubic  feet  per  ton. 

In  the  melting-down  refinery  the  quantity  of  blast  is  increased  propor- 
tionately to  the  larger  consumption  of  coke.  The  average  consumption  in 
these  fires  for  forge  iron  is  136,000  cubic  feet,  and  for  grey  iron  153,000 
cubic  feet. 

The  density  of  the  blast  employed  is  generally  eqnal  to  that  blown  into 
the  furnaces  in  the  same  establishment.  Befineries  are  worked  with  a 
pressure  of  1*  lb.  to  the  square  inch,  but  this  may  be  considered  a  mini- 
mum, from  2  to  2^  lbs.  being  more  common.  The  qualities  of  the  fuel 
require  to  be  taken  into  consideration  here  as  in  the  furnace ;  a  weak  coke 
carrying  a  lighter  blast  than  one  of  a  denser  description.  But  the  range 
in  pressure  is  not  so  great  with  fineries  as  with  furnaces.  The  blast 
being  du-ected  upon  the  surface  of  the  metal  in  the  hearth  of  the  finery,  an 
excessive  pressure  will  be  attended  with  greater  waste  of  metal.  Hence 
the  refiner  pref(^rs  a  blast  of  2  to  2^  lbs.  per  square  inch,  and  endeavours 
to  throw  this  as  much  on  the  surface  as  possible.  The  spread  of  the  blast 
is  considered  of  more  importance  in  the  decarburization  than  great 
density. 

At  the  Dowlais  works  refining  has  been  conducted  for  some  years  with 
raw  coal,  but  we  are  unable  to  discern  any  real  advantage  from  its  use  in 
preference  to  coke.  The  substitution  was  made  at  a  time  when  the  supply 
of  coke  was  inadequate  to  the  demand,  and  in  the  absence  of  any  great 
drawback  raw  coals  were  afterwards  adopted  at  other  refineries.  But 
after  an  experience  of  some  years,  however,  we  consider  that  coke  of  a 
good  quality  is  far  superior  to  any  raw  coal  for  refining  purposes.    The 
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heat  produced  by  raw  coal  is  not  nearly  bo  intense  or  concentrated  as  with 
coke,  and  much  of  that  which  is  generated  does  not  produce  any  useful 
effect.  The  yield  of  coal  is  about  one  cwt.  higher  than  is  required  with 
coke.  Looking  at  the  greater  calorific  power  of  coal  over  coke  this 
increase  of  consumption  with  raw  coal  requires  some  explanation.  In  the 
blast  furnace  where  raw  coal  has  been  substituted  for  coke,  the  consump- 
tion of  coal  has  been  reduced,  but  this  has  not  occurred  at  the  refinery. 
We  must  look  to  the  more  rapid  and  superficial  operation  of  this  process 
for  a  solution  of  this  apparent  anomaly. 

Baw  coal  when  charged  into  the  blast  furnace  imdergoes  a  distillation 
in  the  upper  part,  and  is  thus  converted  into  a  coke  more  or  less  dense 
according  to  its  original  constituents  and  the  weight  of  the  superincum- 
bent materials.  The  temperature  of  the  throat  through  which  it  enters 
the  furnace  is  low  compared  with  the  temperature  in  the  zone  of  fusion, 
and  the  transition  from  the  lesser  to  the  higher  temperature  occupies  from 
thirty  to  forty  hours,  during  rather  more  than  one-half  of  which  time  the 
process  of  distillation  is  in  slow  operation.  The  coke  on  its  arrival  in  the 
zone  of  fusion  is  composed  of  nearly  pure  carbon — ^by  the  escape  of  its 
gaseous  constituents  the  solid  coal  is  converted  into  a  cellular  mass — the 
surface  area  of  the  carbon  presented  to  the  oxygen  of  the  air  for  com- 
bustion is  immensely  increased,  and  the  requisite  volume  of  atmospheric 
air  being  brought  into  contact  with  it,  a  maximum  temperature  is  attained. 
But  in  the  refinery  the  case  is  very  different.  The  coal  is  precipitated 
into  an  intense  heat  without  any  previous  preparation.  A  rapid  distilla- 
tion is  the  result;  a  portion  of  its  volatile  constituents  are  violently 
expelled,  partially  breaking  it  up,  and  the  coking  is  still  incomplete  when 
the  coal  arrives  before  the  blast.  In  the  blast  furnace  the  time  permitted 
for  the  transformation  into  coke  averages  twenty  hours — ^in  the  refinery 
from  the  time  it  is  charged  to  its  combustion  is  scarcely  the  same  number 
of  minutes.  As  a  consequence  of  this  rapid  action  the  coal  is  but  super- 
ficially charred,  and  the  surface  of  carbon  exposed  to  the  action  of  the 
oxygen  of  the  blast  is  limited.  The  absence  of  the  conditions  essential  to  a 
rapid  combustion  for  the  creation  of  an  intense  heat  accounts  for  the  infe- 
rior reducing  power  of  the  raw  coal  in  the  refinery. 

In  practice  the  finer  complains  of  the  difficulty  oi  getting  a  good  heat 
on  the  iron,  and  when  it  is  melted,  this  difficulty  continuing,  obliges  him 
to  blow  longer  with  coal  than  with  coke.  The  make  of  the  refinery  is 
consequently  reduced  while  the  labour  is  increased.  As  some  compen- 
sation for  this  reduction  of  make,  which,  measured  by  the  time  the 
refinery  is  under  blast,  may  be  taken  at  10  tons  per  week,  and  for  the 
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additional  labour  with  coal,  the  rates  paid  the  workmen  are  considerably 
lower  than  for  coke. 

Anthracite  coal  has  been  used  in  refining,  bat  its  proper  management 
in  this  process  is  not  generally  well  nnderstood.  This  coal,  from  its  small 
proportion  of  bituminous  matter,  is  liable  to  splinter  and  disintegrate 
when  suddenly  exposed  to  a  high  heat.  Attention,  therefore,  should  be 
directed  to  remedy  this  defect.  At  the  Ystalyfera  works  anthracite  has 
been  partially  charred  in  ovens  and  conveyed  to  the  refinery  while  yet 
hot.  This  preparation  has  enabled  anthracite  to  be  used  for  refining  with 
considerable  success.  An  arrangement  superior  to  this,  however,  might 
be  adopted.  In  a  suitable  chamber,  fitted  with  a  small  blast  pipe  con- 
tiguous to,  but  three  or  four  feet  higher  than  the  refinery  hearth,  the  coal 
might  have  its  temperature  gradually  elevated  to  prepare  it  for  the 
intense  heat  of  the  refinery  into  which  it  could  be  drawn  as  required.  By 
regulating  the  blast  the  distillation  in  the  supplementary  chamber  may  be 
conducted  at  a  rate  most  advantageous  to  the  structure  of  the  coal  and  the 
object  in  view. 

A  difficulty  is  experienced  in  refining  all  the  classes  of  iron  smelted 
from  carbonaceous  ironstone,  most  perhaps  with  those  from  Scotland.  The 
cause  of  the  uniform  inferiority  of  these  irons  in  the  refinery  is  a  matter 
of  uncertainty  amongst  ironmasters.  To  form  a  correct  opinion  of  its 
origin  we  must  look  to  the  characteristics  of  the  iron  from  the  carbona- 
ceous ironstone— these  are  fluidity  at  a  low  temperature,  an  excessive 
quantity  of  carbon  in  combination,  and  as  a  necessary  consequence  of  the 
richness  of  the  ore  in  metallic  iron  a  small  proportion  of  other  substances. 
Either  of  these  characteristics  alone  necessitates  the  subjection  of  the  iron 
to  a  longer  blowing,  and  results  in  an  increased  consumption  of  fuel,  blast, 
and  labour,  and  greater  waste,  consequently  we  may  conclude  that  where 
all  of  them  are  found  together  the  difficulty  of  refining  will  be  proportion- 
ately increased. 

From  the  low  melting  temperature  of  this  iron  the  ordinary  heat  of 
the  finery  would  result  in  a  large  oxidization  of  the  metal.  This  is 
avoided  as  much  as  practicable  by  keeping  the  heat  lower ;  but  the  opera- 
tion is  prolonged,  and  is  attended  with  a  considerable  though  smaller 
waste  of  metal.  The  excess  of  carbon  mechanically  combined  with  the 
metal  is  removed  only  by  bringing  into  contact  with  it  a  proportionately 
larger  quantity  of  oxygen  by  the  blast — involving  at  the  low  working  heat 
a  prolongation  of  blowing.  The  small  percentage  of  silicon  and  aluminium 
causes  the  iron  to  work  drier,  and  to  correct  this  defect  a  quantity  of 
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cinders  are  added  to  protect  it,  and  otiierwise  improye  its  qntlity  for  the 

forge. 

Yet  after  careful  arrangements,  and  the  employment  of  the  best  work- 
men, the  refining  of  these  irons  is  attended  with  great  loss  of  metal.  The 
general  consumption  of  pigs  per  ton  of  refined  iron  is  24  cwts.,  the  excess 
being  nearly  twice  as  great  as  with  grey  iron  from  argillaceous  ores.  This 
added  to  the  larger  consumption  of  coal,  and  the  reduced  make  has 
operated  greatly  against  the  manufacture  of  bars  from  this  kind  of  iron. 
So  great  is  the  waste  in  the  Welsh  works,  partly  caused  however  by  the 
workmen  being  long  accustomed  to  iron  melting  at  a  higher  temperature, 
that  the  Scotch  pigs  are  not  unfrequently  charged  into  the  blast  fomace 
and  there  melted  along  with  the  local  ironstone  in  preference  to  working 
them  directly  through  the  refinery.  By  this  mode  of  working,  their 
decarburization  is  effected  in  the  blast  furnace  instead  of  the  refinery 
through  which  they  afterwards  pass  in  mixture  with  the  iron  smelted 
from  the  ironstone.  The  loss  by  this  double  refining  cannot  be  accurately 
ascertained,  but  from  calculations  we  find  the  yield  to  be  between  24  and 
25  cwts. 

This  iron  is  also  refined  in  conjunction  with  that  from  the  local 
argillaceous  ironstone  in  the  proportion  of  one-fourth  or  one-fifth.  By 
admixture  in  this  way  the  yield  is  better  than  when  it  is  refined  by  itself, 
but  the  decarburization  is  not  so  complete,  and  the  average  quality  of  the 
plate  metal  produced  is  inferior. 

Iron  smelted  with  caustic  lime  as  flux  is  refined  with  greater  difficulty 
than  such  as  is  smelted  with  raw  limestone.  The  presence  of  the  carbonic 
acid  of  the  limestone  appears  to  have  considerable  influence  on  the  fluidity 
of  the  iron  both  in  the  blast  furnace  and  refinery.  In  its  absence  the 
crude  iron  is  thick,  runs  in  a  sluggish  stream,  and  in  the  refining  fire 
requires  longer  blowing  to  raise  the  cinder  and  bring  out  the  cellular 
structure.  The  cinders  are  thick  and  whiter  than  usual.  Still  the  metal 
from  furnaces  fluxed  with  caustic  lime  is  superior  to  the  other  for  the 
rolling  mill,  the  ultimate  quality  being  considerably  improved. 

A  hot  blast  has  been  tried  at  the  refinery,  but  without  any  appreciable 
advantage.  The  heated  blast,  as  we  have  already  explained,  possesses  a 
penetrating  power  inferior  to  that  of  the  cold  ;  and  in  the  decarburization 
of  the  metal  (though  the  extended  surface  presented  by  the  oxygen  of  the 
air  is  advantageous)  the  weakness  of  the  blast  was  found*  to  be  prejudicial 
to  the  yields.  For  the  refining  process,  a  blast  of  given  density  is  abso- 
lutely necessary  if  the  decarburization  is  to  be  effected  with  economy  of 
metal  and  carbon.    The  pressure  of  the  hot  blast  being  equal  to  that  of 
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the  cold,  ita  inteBsitj  ftt  a  glren  cUustaace  from  the  nozxle  of  the  blast  pipe 
is  diminished  in  proportion  as  its  volume  is  augmented  by  heat.  Hence, 
to  produce  an  equal  effect  tlie  nozzle  would  require  to  be  brought  much 
nearer  the  surface  of  the  iron,  thereby  contracting  the  working  surface  of 
the  blast,  and  increasing  the  burning  and  wear  of  the  blocks  and  tuyeres. 

The  effects  of  the  hot  blast  in  reducing  the  consumption  of  eoal  in 
the  blast  furnace  are  generally  cited  as  a  reason  for  its  adoption  in  the 
refineiy.  But  we  have  already  shown  how  greatly  these  effects  have  been 
exaggerated  by  all  writers  on  irrmmaking,  and  we  would  now  add  that 
the  application  of  the  hot  blast  to  refining  has  hitherto  effected  no  saving 
in  coal ;  indeed,  the  yield  was  rather  worse,  the  diminished  decarburizing 
power  of  the  blast  apparently  more  than  compensating  for  itfi  lesser 
absorption  of  heat. 

The  addition  of  limestone  during  refining  is  attended  with  beneficial 
results  to  the  quality  of  the  metal  when  the  crude  iron  has  been  smelted 
from  lean  argillaceous  carbonates  of  the  coal  formation.  The  quantity 
which  may  be  used  with  advantage  is  between  25  and  SO  lbs.  per  ton.  It 
should  be  brok^i  small.  Where  a  larger  proportion  has  been  used,  the 
manufactured  iron  has  a  red  short  tendency.  The  lime  may  also  be 
added  by  impregnating  the  coke  with  caustic  lime  to  the  amount  of  15  or 
18  lbs.  per  ton  of  iron.  With  lime,  the  cinder  which  collects  on  the  iron 
in  the  fire  is  white  and  thicker  Ihan  usual.  This  alteration  in  the  cinder 
entails  a  longer  blowing,  but  the  beneficial  results  will  generally  compen- 
sate for  this  additional  expense. 

Whether  lime  be  added  in  the  shape  of  limestone  or  caustic  lime,  the 
improvement  in  quality  is  very  marked,  and  is  probably  due  to  the  union 
of  a  portion  of  the  sulphur  in  the  iron  with  calcium.  It  is  generally 
known  that  the  lean  carbonates  of  the  coal  formation,  abounding  largely 
in  silica,  produce  finished  iron  of  a  cold  short  character.  The  addition  of 
lime  appears  to  neutralise  this  tendency,  and  if  not  carried  too  far  the 
opposite  estrone,  red  shoilness,  is  avoided. 

The  addition  of  potash  to  iron  in  the  refinery  appears  to  deteriorate  the 
general  quality.  In  experiments  where  6  lbs.  per  ton  was  charged,  the 
tendency  of  the  metal,  whether  to  hot  or  cold  shortness,  was  heightened 
by  the  use  of  this  substance. 

From  the  intense  heat  to  which  they  are  subjected  the  duration  of  the 
principal  parts  of  the  refinery  is  short.  The  side  and  rear  blocks  will  be 
80  much  melted  away  after  refining  about  2100  tons  as  to  require  renewal. 
The  pig-mould  will  generally  remain  in  a  working  condition  twice  this 
period,  but  the  tuyere-plates,  damplates,  and  other  small  castings,  are 
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frequently  rendered  unserviceable  before  1000  tons  have  been  refined. 
Tbe  consumption  of  new  castings  in  replacing  those  burnt  and  worn  out, 
including  also  the  breaking  up  of  the  metal,  averages  12  lbs.  per  ton  of 
iron  refined. 

The  breaking-up  of  the  refined  plate  metal  into^  pieces  of  a  convenient 
size  for  the  puddling  furnace  is  done  with  heavy  two-handled  sledges  (see 
PI.  XLIY.,  Figs.  252-3).  There  is  a  fact  in  connection  with  the  duration  of 
these  sledges  which  is  worth  recording — ^those  cast  from  cold-blast  iron 
will  break  nearly  twice  as  much  metal  as  those  from  hot-blast  iron. 

The  refining  of  the  crude  iron  has  the  effect  of  depriving  it  of  a  portion 
of  the  carbon,  silicon,  aluminum,  and  other  substances,  which  may  be 
mixed  with  it.  The  proportion  which  the  quantity  removed  bears  to  the 
whole,  has  never  been  satisfactorily  ascertained;  but  it  is  directly  de- 
pendent on  the  quality  of  the  ore  and  the  duration  of  the  process.  As  a 
general  rule,  the  longer  the  metal  is  exposed  to  the  blast  the  greater  is  the 
improvement  in  the  quality ;  but  the  process  may  be  unnecessarily  pro- 
longed. By  shortening  the  time  of  blowing  refined  metal  may  be 
obtained  with  a  very  small  proportion  of  the  impurities  removed.  For 
some  purposes  such  iron  is  preferred  to  that  containing  less  cinder.  The 
quality  of  the  original  crude  iron  also  may  be  such  that  the  refined  metal 
will  contain  a  considerable  proportion  of  cinder.  For  though  the  presence 
of  cinder  in  quantity  is  usually  considered  as  evidence  of  inferiority,  it  is 
well  known  that  in  the  manufacture  of  malleable  iron  the  most  successful 
results  are  obtained  when  the  metal,  by  freely  yielding  a  fluid  cinder^  is 
protected  from  oxidation  during  the  process.  Hence,  in  refining,  the 
object  is  not  so  much  to  deprive  the  iron  of  the  cinder  (except  in  cases 
where  this  is  of  a  prejudicial  quality). 

K  depriving  the  iron  of  earthy  matter  were  the  chief  object  in  view  in 
refining,  the  grey  varieties,  having  the  smallest  quantity,  would  be  refined 
with  the  least  trouble  instead  of  the  greatest.  The  proportion  of  carbon 
principally  determines  the  facility  with  which  the  operation  may  be  con- 
ducted. If  the  quantity  combined  with  the  metal  is  small,  the  refining 
will  be  quickly  done  with  a  minimimi  consumption  of  crude  iron  and  fuel, 
but  if  large,  it  is  just  the  reverse. 

The  average  quantity  of  carbon  in  crude  iron  is  supposed  to  be  near  4 
per  cent.  In  the  refining  this  is  reduced  about  one-half— the  other  half 
combining  with  the  oxygen  of  the  air  and  escaping  in  the  form  of  gas. 
With  chemists  a  difference  of  opinion  exists  as  to  the  relative  proportions 
of  carbon  in  the  white  and  grey  varieties  of  crude  iron.  By  some  it  is 
maintained  that  the  white  contains  the  largest  quantity,  while  others  con- 
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tend  that  tlie  grey  is  richest  iu  this  substance.  Without  going  into  an 
explanation  of  the  many  conflicting  statements  which  have  been  published 
on  this  pointy  we  will  content  ourselves  with  stating  that  the  consumption 
of  carbon  in  the  blast  furnace,  in  proportion  to  the  weight  of  the  melted 
products  obtained,  influences  the  time  required  for  the  subsequent  process 
of  refining.  If  it  be  large  we  have  found  the  iron  refine  with  difliculty, 
but  if  the  minimum  proportion,  the  same  result  is  obtained  with  compara- 
tive ease.  An  addition  to  the  usual  proportion  of  coal  in  the  blast  furnace 
is  immediately  made  known  to  the  refiner  by  the  longer  time  occupied  in 
the  decarburization.  With  this  evidence  we  are  of  opinion  that  the  white 
contains  the  least  carbon.  An  exception,  however,  must  be  made  in  th^ 
case  of  white  iron  from  blast  furnaces  consuming  a  maximum  proportion 
of  carbon.  This  variety  of  white  iron  we  are  inclined  to  consider  as  richer 
in  carbon  than  any  other,  though  apparently  the  poorest.  It  takes  the 
longest  blowing,  and  this  we  attribute  to  the  large  quantity  of  carbon  in 
chemical  combination. 

lliere  are  circumstances  connected  with  the  refining  of  crude  iron  for 
which  we  must  confess  we  are  unable  to  afford  a  satisfactory  explanation. 
The  weight  of  the  products  obtained  exceeds  the  weight  of  the  metal 
charged  by  nearly  8  per  cent.  Although  attention  does  not  appear  to 
have  been  directed  to  it,  we  find  a  similar  circumstance  occurs  at  other 
works  and  the  same  difficulty  is  experienced  in  accounting  for  the  excess. 

If  this  excess  occurred  for  a  month  or  shorter  period  we  should  be 
inclined  to  attribute  it  to  an  error  in  the  accounts,  but  since  it  appears  to 
have  existed  at  all  times  in  refining,  we  must  look  to  some  other  cause  for 
a  solution.  We  cannot  do  better  in  illustration  of  the  subject  than  give 
the  following  weights  as  having  occurred  in  practice.  By  dealing  with 
large  quantities  distributed  over  long  periods,  the  liability  to  error  is 
reduced,  and  the  excess  is  proved  to  be  a  permanent  and  not  a  merely 
temporary  occurrence,  as  we  at  one  time  imagined. 

Consumption  and  yield  of  iron  at  thirteen  refineries  for  a  period  of  2| 
years — 130  weeks'  working : 

ToDfl. 

Crude  iron  delirered  to  refineriei        ....    149,461 
Castings  used  in  repairing  ditto    .  .  •  .  889 

Total  iron  delivered  .  .  .    150,860 

Against  this  consumption  there  was  the  following  produce  of  iron  in 
refined  metal  and  cinders.  We  have  estimated  the  cinders  to  yield  60  per 
cent,  of  iron — when  smelted  alone  in  the  furnace  they  gave : 
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Refined  metal  ......    1S4,814 

Coders  produoed,  28,260  tons,  yielding  at  60  per  cent    .  16,950 

Total  iron  produced  .  .  .    161,264 

Thus  showing  an  excess  of  914  tons  of  iron  receiyed  from  the  refineries 
above  the  quantity  delivered.  To  what  source  can  we  attribute  this 
excess  ?  Instead  of  being  accompanied  by  a  waste  of  metal,  the  r^ning 
process  apparently  augments  the  production.  The  increase  is  at  the  rate 
of  .6  per  cent,  nearly. 

But  the  gross  weight  of  the  products  obtained  is  greatly  in  excess  of 
the  weight  charged : 

Grade  iron  charged     ......    160,860 

Prodncta  obtained : 

Metal 184,814 

Cinders    ......    28,260 

162,664 


Excess  of  products  over  erode  iron  chaiged  .  12,214 

The  excess  of  .6  per  cent,  on  the  production  of  iron  appears  trifling  in 
comparison  with  this  excess  in  the  whole  products  obtained.  The  residual 
earths  of  the  coal  may  account  for  a  portion  of  this.  For  the  r^ning  of 
this  metal,  47,009  tons  of  coal  were  used ;  estimating  that  they  contained 
2.1  per  cent,  of  earth,  987  tons  are  accounted  for ;  the  siliceous  sandstone 
used  in  forming  the  bottoms  may  also  add  335  tons^  but  there  still  remains 
10,892  tons. 

The  quantity  of  oxygen  combining  with  the  iron  to  form  in  the  cinder 
a  protoxide  will  be  about  5700  tons,  leaving  5192  tons  unaccounted  for. 

The  composition  of  the  cinders  may  be  easily  obtained  with  sufficient 
accuracy.  By  adding  the  iron  and  o^^gen  together  we  obtain  22,650  tons 
of  protoxide,  leaving  6600  tons  for  the  earths  in  the  cinder.  The  cind»  is 
consequently  composed  of  80  per  cent,  of  protoxide  of  iron  and  20  per 
cent,  of  siliceous  earths.  The  difference  in  the  composition  of  crude  and 
refined  iron  is  seen  in  the  following  table,  according  to  the  analyses  of  a 
French  iron  by  a  Continental  chemist : 

Carbon.    Bllleon.    Phoflpbonu.      Iron. 

Grade  iron  .  .  .       3      . .    4.6    . .    0.2    . .     92.3 

Befined  metal  .  •  1.7   . .      .5    . .'    —    . .     97.8 

Admitting  the  correctness  of  these  analyses  we  will  apply  them  to  the 
Dowlais  irons,  which  do  not  differ  greatly  in  the  quality  of  the  earthy 
mixture. 

By  refining  it  appears  that  iron  is  deprived  of  4  per  cent,  of  silicon ; 
on  the  foregoing  quantity  of  refined  metal  this  will  amoimt  to  5372  tons. 
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which  ifl^aagmented  by  the  aehes  of  the  coal  and  siliceous  sandstone  of  the 
hearth  to  6694  tons.    Hence  we  have  the  foUowmg  products : 

Refined  metal 184,814 

Iron  in  cinders      .            .            .            .            .            .  16,950 

Oxygen  in  combination  with  ditto      ....  6,700 

Siliceoiu  earths  in  cinders          ....  6,694 

Total  ...  ...    168,668 

This  is  1102  tons  in  excess  of  the  quantity  actually  realised,  showing 
that  the  deprivation  of  silicon  is  not  so  great  with  the  Dowlais  as  i/vith  the 
French  iron.  The  first  three  quantities  are  certain,  but  the  fourth  may  be 
modified.  If  we  suppose  the  iron  to  be  deprived  of  8.2  instead  of  4  per 
dent.,  the  quantity  by  the  analyds  would  agree  with  the  products  in 
practice. 

Thus  the  excess  of  6192  tons-  is  not  accounted  for  by  analyses.  On 
the  supposition  that  the  percentage  of  iron  in  the  cinder  has  been  over- 
stated the  apparent  excess  of  iron  produced  over  that  charged  might  be 
explmned,  but  the  r^nery  cinder  of  these  works  is  known  to  yield  60  per 
cent,  of  erode  iron,  and  though  a  reduced  yield  would  accoimt  for  the 
disappearance  of  914  tons  of  iron,  the  excess  on  the  gross  products 
obtained  would  not  be  affected. 

In  the  conversion  of  the  150,350  tons  of  crude  iron  into  134,314  tons 
of  refined  metal,  32,906  tons  of  carbon  were  consumed.  May  not  a  por- 
tion of  this  carbon  have  combined  with  the  refined  iron  ?  Chemists  have 
bitherto  been  unable  to  determine  the  quantity  of  carbon  combined  with 
the  metal  in  pig-iron ;  what  evidence  have  we  that  the  proportion  of  carbon 
is  not  increased  by  the  refining  process?  An  addition  of  3  per  cent,  would 
account  for  the  large  excess  of  the  products  over  the  iron  charged. 
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BOILING    AND    PUDDLING    PIG    IRON. 

In  conyerting  the  cnide  iron  of  the  blast  furnace  into  malleable  iron 
upon  an  extensive  scale,  two  modes  of  procedure  are  open  to  the  manufac- 
turer : — Either  to  refine  the  crude  iron  in  the  finery  fire,  and  then  pass  it 
through  the  puddling  process ;  or,  to  put  the  crude  iron  through  a  modifi- 
cation of  the  puddling  process,  understood  in  the  trade  bj  the  term 
"  boiling."  Each  method  possesses  certain  advantages,  but  where  quality 
is  the  sole  consideration  the  process  of  refining  and  puddling  is  entitled  to 
the  preference.  We  may  state,  however,  that  upon  the  mprits  of  the  two 
systems  ironmasters  do  not  generally  agree.  By  some  the  boiling  process 
is  held  to  be  fully  equal  and  more  economical  than  refining  and  puddling ; 
on  the  other  hand,  it  is  maintained  that  boiled  iron  is  more  subject  to  be 
red  short.  In  several  works  both  methods  may  be  seen  in  operation,  but 
where  this  occurs  we  have  noticed  that  the  larger  quantity  of  iron  is  first 
passed  through  the  refinery.  Hence,  in  such  instances  it  would  appear 
that  while  boiling  a  certain  quantity  of  pigs  is  considered  advantageous,  it  ' 
is  not  desirable  that  the  manufacture  of  the  entire  quantity  of  crude  iron, 
should  be  conducted  in  this  way. 

We  are  of  opinion  that  boiling  may  be  practised  to  a  limited  extent 
with  most  kinds  of  iron,  though  it  is  more  applicable  to  some  than  others. 
Before  entering,  however,  into  the  merits  of  the  respective  systems,  we 
will  describe  the  furnace  employed  and  the  process  followed  at  the 
majority  of  the  Welsh  works. 

The  furnace  for  boiling  pigs  (PI.  XLIV.,  Figs.  259-262)  is  constructed 
with  an  outside  frame-work  of  cast-iron  plates,  about  12  feet  long,  5  feet  6 
inches  wide  inside,  and  6  feet  high.  Of  this  height  9  or  10  inches  will  be 
below  the  floor  line  of  the  forge.  At  one  end  the  side  plates  are  bolted  to 
an  iron  framing,  carrying  the  chimney  stack,  at  the  other  they  are  attached 
to  a  cross  plate  of  lesser  depth,  below  which  an  ash-pit  is  formed,  2  feet 
deep,  and  of  nearly  the  same  length  and  breadth  as  the  iron  frame-work. 
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The  fire-place  is  generally  of  such  a  size  that  the  superficial  area  of  the 
grate  shall  be  from  8  to  12  feet,  varying  with  the  quality  of  the  coal  to  be 
employed.  Three  or  four  inches  above  the  level  of  the  bearing  bars  of 
the  grate  there  is  fixed  horizontally  a  cast-iron  plate,  nearly  equalling  in 
width  the  distance  between  the  side  plates,  and  extending  from  the  fire- 
place to  the  stack  framing.  This  is  supported  at  short  intervals  by  stout 
bearing  bars,  resting  on  angle-pieces,  bolted  to  the  side  plates.  Upon  this 
plate,  which  is  called,  the  bottom,  a  fire-brick  furnace  is  built.  The 
breadth  is  about  3  feet  9  inches  at  the  fire  end,  and  it  runs  parallel  for 
about  two-thirds  of  its  length,  when  it  begins  to  diminish,  till  at  the  stack 
end  it  is  contracted  to  16  or  18  inches.  The  arched  roof  above  the  bottom 
is  about  27  inches  high  at  the  fire  end.  It  falls  throughout  its  length 
usually,  but  in  all  cases  a  sharp  descent  occurs  close  to  tlie  stack,  where  the 
under  side  of  the  roof  in  the  narrow  fine  is  brought  down  to  within  10 
inches  of  the  level  of  the  bottom ;  from  this  point  it  is  carried  level  for  9  or 
10  inches  to  its  junction  with  the  vertical  fine  of  the  stack. 

The  length  of  the  fij'e-place  having  been  determined,  a  brick  bridge, 
14  or  15  inches  thick,  is  built  on  the  extreme  end  of  the  bottom  plate,  and 
carried  up  to  within  10  or  12  inches  of  the  roof.  At  the  stack  end,  where 
the  furnace  is  contracted  to  its  narrowest  dimensions,  a  second  bridge  of  • 
fire-brick,  about  9  inches  in  thickness  and  10  or  12  in  height,  is  built  to 
restrain  the  metal  from  flowing  into  the  flue.  When  finished  the  body  of 
the  furnace  measures  about  6  feet  long,  3  feet  9  inches  wide,  by  2  feet 
high  to  the  centre  of  the  roof.  On  one  side  a  doorway,  about  16  inches 
square,  is  formed,  for  charging  and  working  the  crude  iron.  The  height 
of  tlie  bottom  of  this  doorway  above  the  bottom  plate  is  of  some  impor- 
tance. The  average  height  at  several  works  is  10  inches,  the  lowest  being 
8  and  the  highest  11  inches.  As  the  height  of  this  doorway  is  determined 
before  casting  the  side  plates,  it  regulates  the  height  of  the  bottom,  and 
also  of  the  roof  of  the  furnace,  especially  at  the  end  next  the  stack,  where 
the  general  rule  is  to  have  the  under  side  of  the  arch  level  with  the  lower 
side  of  the  doorway. 

The  metal  forming  the  lower  edge  of  the  doorway  is  subject  to  wear 
by  the  constant  pressure  and  friction  of  the  iron  working-bars  of  the 
puddler ;  to  prevent  this  as  much  as  possible  a  loose  plate,  about  1^  inches 
thick,  is  bolted  on  to  it,  which  can  easily  be  renewed  when  necessary. 
Tlie  cast-iron  door  is  lined  inside  with  fire-brick,  and  is  made  to  slide  up 
and  down  between  strong  cast-iron  flanges  by  means  of  a  rod  connected  to 
a  counter-balanced  lever.  For  the  convenience  of  working,  and  for  the 
protection  of  the  puddler  from  the  intense  heat,  a  small  slit,  about  8^ 
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inches  wide  by  6  inches  high^  is  left  in  the  under  side  of  the  door ; 
through  this  the  working  operations  are  principallj  carried  on.  To  pre- 
vent the  sides  and  upper  edge  of  this  slit  from  being  enlarged  by  constant 
wear,  the  metal  around  it  is  hardened  by  being  cast  in  metal  chills. 

This,  the  working  door,  is  situated  rather  near^  the  fire  bridge  than 
the  flue.  In  the  wall  left  on  the  side  of  it  next  the  flue,  a  second  doorway 
of  smaller  dimensions  than  the  working  door  is  used  for  charging  the 
metal,  where  this  is  done  before  the  previous  heat  has  been  withdrawn. 
This  charging  door  is  usually  about  10  inches  by  13  inches,  and  12  or  13 
inches  above  the  bottom  plate,  having  a  lever  and  balance-weight  for 
lifting  it  similar  to  the  working  door.  Both  are  often  used  in  boiling 
fdmaces,  but  generally  a  single  door  suffices.  In  puddling  fhmaces,  how- 
ever, they  are  generally  adopted. 

A  doorway  about  10  inches  by  10  inches,  is  also  left  opposite  the  fire- 
place ;  it  has  a  cast-iron  mouthpiece,  but  no  door,  the  mode  of  firing 
rendering  this  unnecessary.  At  the  stack  end  a  small  aperture,  about  4 
inches  by  6  inches,  is  provided  for  the  escape  of  any  cinder  that  may  pass 
over  the  bridge  into  the  flue.  A  small  fire  is  kept  burning  over  this 
aperture,  in  a  grate  secured  to  the  outside  frame  of  the  stack,  to  keep  it 
open  for  the  passage  of  the^sinder,  and  to  maintain  the  latter  sufficiently  fluid. 

The  chimney-stack  is  built  of  fire-brick.  For  the  generality  of  forge 
coals  it  is  30  feet  high  above  the  cast-iron  framework,  or  altogether  3d 
fSeet  The  interior  flue  is  made  about  24  inches  square,  but  at  its  junction 
with  the  roof  of  the  furnace  it  is  contracted  to  about  one-third  of  this  area. 
This  contraction  is  regulated  partly  by  the  skill  of  the  workman,  but 
principally  by  the  qualities  of  the  coal.  The  size  of  the  flue  in  this  place 
we  have  seen  as  small  as  17  inches  by  9  inches,  with  a  coal  approaching 
nearly  to  the  character  of  anthracite.  With  a  more  inflammable  coal  it 
has  been  18  inches  by  18  inches.  The  chimney  walls  are  usually  built  1^ 
brick  thick  for  14  feet,  1  brick  for  10  feet,  and  half  a  brick  the  remaining 
6  feet.  The  intense  heat  in  the  chimney  destroys  the  lower  courses  in  a 
comparatively  short  period.  To  facilitate  the  repairs  of  this  part  a  lining 
half  a  brick  thick  is  carried  up,  without  binding  with  the  other  work,  for 
about  20  feet.  When  necessary  this  is  drawn  down  and  rebuilt  without 
interfering  with  the  stability  of  the  stack. 

The  top  of  the  chimney  is  surmounted  with  a  light  cast-iron  frame- 
work fitted  with  a  damper  for  regulating  the  draught.  This  damper  is 
opened  and  shut  by  a  lever,  from  which  an  iron  rod  or  chain  descends  to 
the  workmen  below.  A  different  mode  of  regulating  the  draught  is  some- 
times adopted,  but  of  this  plan  we  shall  have  to  speak  hereafter. 
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The  effects  of  the  ezpanflion  and  contraction  of  the  brickwork  bj  the 
alternate  heating  and  cooling  are  provided  against  by  nnmerous  iron 
binders  built  in,  the  projecting  ends  of  which  are  pnnched  or  cast  to 
receiye  vertical  wrought^lron  rods,  which  are  keyed  up  tight  against  the 
brickwork  by  iron  wedges  at  their  backs.  Unless  tlie  light  chimney-stacks 
were  well  bound  together  they  woidd  not  long  remain  upright  under  the 
strainmg  to  which  they  are  suljected.  Imperfectly  bound  stacks  may  be 
se^i  in  every  work  inclining  at  angles  more  or  less  dangerous  to  their 
stability.  The  chimney-stack  delineated  in  PI.  XLVIII.,  Fig.  276,  is 
bound  with  nM>re  than  two  hundred  separate  pieces  of  wrought  and  ca^t- 
iron. 

The  immense  strain  exerted  by  the  expansion  of  the  brickwork  of  thef 
roof  has  also  to  be  met  by  a  number  of  st»*ong  wrought-iron  bolts  at  the 
top  and  bottom  of  the  side  plates.  For  ordinary  furnaces  these  should 
not  be  more  than  2  feet  6  inches  apart  when  the  bolts  are  1|  inch  square. 
The  plates  may  also  be  strengthened  by  vertical  ribs  on  the  outside  face ; 
if  this  be  done  the  risk  of  their  breaking  in  the  middle*— a  very  frequent 
occurrence-^  will  be  nearly  removed.  In  some  works — Cyfarthfa  for 
instance,  the  binding  is  composed  of  wrought-iron  looped  straps  at  top  and 
bottom  with  vertical  connecting  bolts,  also  of  wrought-iron;  by  this 
arrangement  the  direct  strain  on  the  side  plates  is  greatly  reduced  and 
their  durability  consequently  increased. 

The  plate  in  which  the  doorway  for  feeding  the  fire  is  situated,  com- 
monly called  the  stock-hole  plate,  is  the  least  durable  of  the  whole.  The 
stock-'hole  is  usually  a  square  with  sharp  angles ;  after  a  few  weeks,  some- 
times only  a  few  days,  the  plate  breaks  across  one  or  more  of  these  angles. 
This  is  doubtless  caused  by  the  unequal  expansion  and  contraction  of  the 
surface,  but  a  remedy  has  not  yet  been  discovered.  The  angles  have  been 
rounded  off  without  effect.  In  other  cases  wrought-iron  looped  clamps 
have  been  cast  *in  the  metal  across,  and  at  right  angles  to  the  general 
direction  of  the  fracture,  but  without  adding  greatly  to  the  durability. 

The  process  of  "  boiling ''  is  thus  conducted : 

The  bottom  of  the  furnace  is  covered  with  some  broken  cinder — ^from 
previous  workings — and  mill  scales,  and  a  fire  is  lit  in  the  grate.  In  from 
ten  to  twelve  hours  with  new  furnaces  (five  or  six  is  suflScient  with  old), 
the  interior  of  the  furnace  will  be  at  a  white  heat,  the  cinder  melts,  and 
flowing  over  the  bottom  protects  it  from  the  fdsed  iron  and  intense  rever- 
beratory  action  of  the  roof,  and  fills  any  crevices  in  the  edges  of  the  brick- 
work ;  the  draught  is  now  slacked  a  little,  about  30  or  40  lbs.  of  cinder  are 
charged  at  the  flue  end,  and  the  quantity  of  pigs  to  be  operated  on— 
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technically  called  a  "  heat" — ^generally  4^  or  4^  cwts.,  Ib  charged  in  pieces 
of  convenient  size — 30  to  40  lbs.  is  best,  and  the  more  uniform  the  better. 
The  charge  is  distributed  upon  the  bottom  of  the  furnace  and  the  doors 
closed,  the  admission  of  cold  air  is  prevented  bj  throwing  a  little  small 
coal  or  cinders  around  its  edges,  and  filling  up  the  notch  with  a  lump  of 
coal,  covering  it  with  a  small  iron  plate.  The  damper  is  opened  to  its  full 
extent,  fresh  fuel  is  added  in  the  grate,  and  the  fire  is  strongly  urged. 
From  the  peculiar  form  of  the  roof  the  heated  products  of  combustion  are 
deflected  on  the  pigs,  and  the  extremity  of  the  roof  being  placed  low  they 
are  compelled  to  pass  in  close  contact  with  the  entire  charge. 

In  about  a  quarter  of  an  hour  after  charging  the  puddler  throws  in 
about  60  or  80  lbs.  of  the  cinder  expelled  by  the  rolls  from  mill  bars ; 
where  these  cannot  be  obtained  recourse  is  had  to  the  cinder  from  rolls, 
rolling  puddled  iron  bars.  The  cinders  which  are  drawn  from  under  rolls 
working  on  boiled  iron  are  of  inferior  quality,  and  are  never  used  in  the 
boiling  furnace  if  others  can  be  procured.  They  contain  a  larger  per- 
centage of  silica  and  are  less  fluid ;  the  time  occupied  in  the  boiling  process 
consequently  is  lengthened  whenever  they  are  used,  and  it  is  believed  with 
some  reason  that  the  quality  of  the  resulting  iron  is  inferior. 

When  the  pieces  of  pig  approach  a  red  heat  the  puddler  directs  his 
attention  to  their  position ;  those  in  the  coolest  parts  of  the  furnace  are 
shifted  forward  to  the  hottest,  and  vice  versd^  the  object  being  to  bring  the 
different  pieces  simultaneously  to  the  melting  point.  Unless  this  is  accom- 
plished the  waste  of  iron  and  loss  of  time  will  be  considerable. 

The  working  door  is  now  made  fast  by  tightly  wedging  it  into  the 
frame.  In  from  twenty-two  to  twenty-five  minutes  after  charging, 
dependent  in  great  measure  on  the  quality  of  the  coal,  the  edges  of  the 
pigs  begin  to  melt,  in  another  five  minutes  they  are  softened  and  appar- 
ently adhere  to  each  other  and  the  bottom.  The  puddler  now  raises 
them,  and  turns  them  over  to  expose  them  equally  to  the  heat  and  prevent 
their  adhering  together,  which  would  obstruct  their  melting.  At  this 
stage  it  is  common  to  charge  two  or  three  lumps  of  coal  next  to  the  flue 
bridge,  and  about  15  lbs.  of  cinder  for  the  protection  of  the  brickwork  in 
this  quarter.  Thus  far  the  fire  has  been  urged  to  its  utmost  power,  the 
second  hand  adding  fresh  fuel  every  few  minutes  and  maintaining  a  clean 
grate  and  free  draught. 

In  thirty  minutes  from  the  time  of  charging  the  iron  is  all  melted,  and 
the  most  laborious  operation  of  the  puddler  commences.  He  puts  in  the 
rabble,  and  rakes  up  the  fluid  iron  fore  and  aft,  and  raises  the  lower  por- 
tions to  the  surface.    At  this  point  the  energies  of  the  puddler  and  his 
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second  hand  are  taxed  to  their  utmost,  both  labouring  at  the  raking  np  and 
Btirring  of  the  metaL 

The  fluid  iron  boils  violently  and  rises  spontaneously  nearly  to  a  level 
with  the  lower  edge  of  the  door ;  its  surface  is  dotted  with  innumerable 
eruptions,  caused  by  the  escape  of  gaseous  matter.  In  five  or  six  minutes 
after  the  boil  begins  the  damper  is  partially  lowered,  checking  the  draught 
and  reducing  the  heat  within  the  furnace.  The  effect  of  this  reduction  of 
heat  is  immediately  seen ;  the  iron  becomes  evidently  thicker  and  more 
pasty ;  now,  too,  it  adheres  to  the  tools,  and  has  to  be  removed  by  a  ham- 
mer. The  raking  up  of  the  metal  from  the  bottom  is  continued  unceas- 
ingly ;  the  small  door  is  opened,  and  the  parts  next  the  flue  turned  over 
along  with  the  rest. 

Tliis  working  of  the  boiling  metal  continues  for  about  eighteen  minutes, 
at  the  end  of  which  time  the  fluid  iron  has  the  appearance  of  a  quantity  of 
dirty  snow.  The  continual  raking  motion  has  resulted  in  the  evolution  of 
the  carbon  and  the  separation  of  the  iron  from  the  cinder,  which  now  flows 
over  the  bottom  apparently  as  fluid  as  water. 

The  period  for  balling  up  now  arrives ;  a  few  poxmds  of  wet  scales  from 
the  cooling  bosh  are  thrown  in.  Their  introduction  causes  an  immediate 
reduction  of  temperature,  which  is  increased  by  the  puddler  towards  the 
end  of  the  period  of  pasty  condition  desired.  After  eight  or  nine  minutes' 
raking  of  the  iron,  now  in  the.condition  of  pasty  lumps,  but  which  require 
to  be  constantly  stirred  to  keep  them  from  running  back  to  the  form  of 
boiling  iron,  the  puddler  commences  to  form  the  puddle-balls.  The  num- 
ber of  these  depends  on  the  iron  charged  and  the  ability  of  the  workman. 
Five  or  six  is  usual,  but  seven  or  eight  may  be  seen  brought  out.  The 
puddler  commences  by  raking  together  such  a  quantity  of  the  pasty  iron 
as  he  conceives  will  suffice  for  a  ball,  and  placing  it  a  little  aside  in  the 
furnace.  He  then  proceeds  with  the  remainder  in  a  similar  manner,  keep- 
ing the  iron  together,  and  shaping  his  balls  by  the  help  of  the  leverage 
which  he  has  with  the  iron  bars,  the  slot  in  the  door  acting  as  a  fulcrum. 
When  the  balls  have  been  roughed  out  the  damper  is  nearly  closed.  This 
is  done  so  that  in  the  finishing  of  the  balls  the  heat  may  not  be  such  as  to 
soften  them  and  cause  an  unnecessary  waste  of  iron. 

Tlie  puddle  is  now  ready  to  "  come  out,"  the  wedges  around  the  door 
are  driven  back,  and  the  balls  drawn.  This  occupies  about  four  minutes. 
From  charging  the  first  piece  of  pig  to  the  extraction  of  the  last  ball  the 
time  occupied  will  average,  with  good  workmen  and  a  fair  coal,  one  hour 
and  twenty  minutes ;  but  with  inferior  workmen  and  a  less  inflammable 
coal,  one  hour  and  flfty  minutes  is  about  the  average.    If  it  is  performed 
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in  eighty  minutes,  as  we  have  described,  a  pnddler  and  his  second  hand 
will  easily  boil  eight  heats  in  the  twelve  hoars,  producing,  witii  chaises 
of  4|  cwts.  each,  32  cwts.  of  boiled  iron  bars  daily,  or  9  tons  8  cwts. 
weekly,  making,  for  the  entire  weekly  produce  of  the  furnace,  working 
night  and  day,  18  tons  16  cwts. 

On  the  withdrawal  of  the  balls  a  quantity  of  cinder  will  r^nain  on  the 
bottom.  A  portion  of  this  is  tapped  below  the  working  door  before  charge 
ing  a  fresh  heat.  This  cinder  is  produced  by  the  oxydation  of  the  iron 
and  metalloids  in  alloy ;  it  contains  a  large  portion  of  silica,  and,  if  not 
frequently  renewed,  will  ultimately  contain  so  large  a  quantity  as  to  Ten- 
der it  unfit  for  the  protection  of  the  iron.  By  tapping  and  replacing  it  by 
other  cinder  from  the  mill  rolls,  the  puddler  prevents  the  increase  of  silica, 
and  insures  a  fluid  cinder  rich  in  iron. 

Boiling  crude  iron  direct  from  the  blast  furnace  is  practised  to  a  limited 
extent  By  operating  on  fluid  iron  the  coal  consumed  in  melting  the  cold 
pigs,  amounting  to  one-third  of  the  entire  consumption,  is  saved,  and  the 
certainty  obtained  that  all  the  iron  is  perfectly  melted  before  the  boiling 
commences,  thereby  insuring  the  greatest  uniformity  in  quality.  Yet  not- 
withstanding the  acknowledged  superiority  of  the  boiling  process  in  direct 
connexion  with  the  blast  furnace  and  the  period  which  has  elapsed  since 
the  system  was  first  adopted,  the  number  of  furnaces  working  on  this  plan 
is  not  large.  The  necessity  of  re-construci;^ng  the  forge  and  bringing  it 
inconveniently  close  to  the  blast  furnace,  is  a  great  objection  to  its  exten- 
sive use  in  existing  works,  while  in  the  erection  of  new  ones  the  contracted 
space  permitted  for  carrying  on  the  operations  of  the  blast  furnace  is  a 
disadvantage.  The  huddling  together  of  the  boiling  furnaces,  so  that  they 
may  be  as  near  as  possible  to  the  fall,  operates  against  the  success  of  this 
mode  of  working,  in  close  weather.  A  puddling  forge  cannot  be  too  open 
in  summer  time.  Suspension  of  operations  through  the  exhaustion  of  the 
men,  produced  by  the  heat  evolved  by  the  blast  and  adjacent  boiling  fur- 
nace, is  a  common  occurrence  in  these  forges,  and  exists  to  a  greater  or 
less  extent  in  some  others. 

A  species  of  double  furnace  (Pis.  XLV.,  XLVI.)  is  used  in  several 
works  with  a  marked  improvement  in  the  yield  of  coal.  A  fire-place  of 
large  dimensions  is  provided,  and  the  body  is  made  wider  than  in  single 
furnaces.  A  working  door  is  made  at  each  side,  and  two  puddlers  work 
at  the  same  time.  Twice  the  usual  quantity  of  pig-iron  is  charged.  In 
all  other  respects  the  operation  is  conducted  as  in  single  furnaces.  It  is 
diflScult,  however,  to  get  the  puddlers  to  work  well  to  time.  Unless  this 
be  done,  no  advantage  is  realised  over  the  single  furnace.    The  two  men 
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mustr  bring  their  heats  to  the  reflpeetive  etages  siftiiiltaiieoiialj  in  order  to 
render  these  fiimaces  profitable.  If  one  be  kept  waiting  for  ever  so  short 
a  period  by  the  other  the  loss  in  iron  more  than  counterbalances  the  r^ 
dnced  consumption  of  coal.  This  difficulty  of  obtaining  men  who  will 
work  thus  in  concert  has  operated  against  the  general  use  of  double  fur- 
naces. Were  it  not  for  this  circumstance  they  would  entirely  supersede 
the  single  furnace.  In  the  double  fomace,  working  hot  crude  iron^  the 
consumption  oi  fuel  is  under  one-half  of  the  quantity  required  with  single 
furnaces  working  cold  iron. 

The  puddling  furnace  differs  but  slightly  from  the  boiling  furnace. 
With  a  few  trifling  alterations  in  tilie  interior,  principally  confined  to  low- 
ering the  flue  bridge,  which,  in  the  puddling  furnace,  is  seldom  more  than 
6  inches  high,  and  raising  the  bottom  to  within  8  inches  of  the  door,  the 
boiling  furnace  is  equally  well  adapted  for  puddling. 

The  process  differs  from  boiling  in  the  absence  of  the  swelling  and  vio- 
lent agitation  of  the  fluid  iron.  The  general  charge  is  4f  cwts.  of  broken 
refined  metal  to  a  heat.  In  boiling  it  is  usual  to  withdraw  the  finished 
balls  before  charging  a  fresh  heat,  but  in  puddling  the  refined  metal  is 
charged  through  the  small  door  next  the  flue,  at  the  point  when  the  metal 
has  arrived  at  the  pasty  condition.  The  reduction  of  temperature  conse- 
quent on  the  introduction  of  a  body  of  cold  metal  has  then  no  sensible 
effect  in  retarding  the  progress  of  the  operation.  The  metal  is  conse- 
quently exposed  to  the  furnace  flame  for  a  period  of  flfteen  to  eighteen 
minutes  before  the  withdrawal  of  the  heat  under  operation,  and  when 
drawn  it  is  forwarded  into  the  body  of  the  furnace  which  has  been  already 
elevated  to  a  dull  red  heat  The  damper  being  opened,  a  sharp  heat  is 
obtained,  and  in  from  ten  to  twelve  minutes  the  metal  is  melted,  and  the 
operation  of  puddling  commences.  The  same  incessant  raking  motion  by 
the  puddler,  relieved  occasionally  by  his  second  hand,  is  practised  as  in 
boiling,  and  is  followed  by  the  separation,  in  a  great  measure,  of  the  iron 
from  the  cinder.  Finally,  it  is  brought  to  the  same  pasty  condition,  and 
balled  np. 

From  the  time  of  charging  to  the  extraction  of  the  last  ball,  the  pud- 
dling process  occupies  about  one  hour  and  twenty-five  minutes ;  but  as 
the  iron  is  charged  fifteen  minutes  before  the  extraction  of  the  previous 
charge,  the  time  actually  occupied  in  working  each  heat  is  one  hour  and 
ten  minutes.    With  inferior  workmen  it  averages  one  hour  and  thirty-six 

minutes. 

The  presence  of  sulphur,  and  of  several  metals,  including  copper,  lead, 
and  zinc,  retards  the  puddling  process.    If  any  of  these  are  present  in  con- 
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siderable  quantity,  the  iron  cannot  be  brought  to  a  pasty  condition  for 
balling  up,  all  the  efforts  of  the  puddler  are  thrown  away,  and  the  heat 
eventually  has  to  be  raked  out.  Crude  iron  rarely  contains  either  of  these 
metals  in  injurious  quantities ;  but  when  they  obtain  admission,  the  pasty 
character  of  the  mass  is  destroyed,  and  the  further  conyersion  of  cast  into 
malleable  iron  is  totally  prevented. 

The  yield  and  general  quality  of  several  kinds  of  iron  are  frequently 
improved  by  the  addition,  during  the  process  of  conversion,  of  a  mixture 
composed  of  ground  magnetic  oxide  or  a  rich  hematite,  caustic  lime,  and 
a  minimum  dose  of  black  oxide  of  manganese ;  the  quantity  added  may 
amount  to  5  or  6  per  cent,  by  weight  of  the  charge.  The  operation  is 
facilitated  and  the  malleablization  greatly  increased  by  their  employment, 
which  we  attribute  to  the  oxygen  of  the  ore  and  the  caustic  lime  uniting 
with  the  carbon  and  sulphur  of  the  metal. 

The  time  an{i  labour  expended  in  working  the  superior  qualities  of  iron 
are  greater  than  that  required  with  the  inferior  kinds.  The  grey  varieties 
will  require  twenty  to  twenty-five  minutes  longer  in  "  coming  to  nature,'' 
as  the  working  puddler  terms  it,  the  point  from  which  the  balling-up  pro- 
cess may  be  said  to  commence.  The  cause  of  this  longer  time  appears  to 
be  that  the  larger  quantity  of  carbon  in  the  metal  requires  for  its  evolution 
longer  exposure  to  the  oxygen  of  the  passing  current  of  air,  and  repeated 
manipulation  to  facilitate  its  escape. 

In  the  working  of  iron  from  carbonaceous  ironstone,  smelted  in  the 
manner  now  practised  at  Scotch  works,  the  labour  is  very  severe.  This 
metal  melting  at  a  low  temperature  and  containing  the  largest  percentage 
of  carbon,  is  brought  to  the  malleable  state  with  the  greatest  diflBculty. 
Its  extreme  fluidity,  the  absence  of  a  good  cinder  for  its  protection,  and 
the  frequent  presence  of  sulphur,  lengthen  the  process,  add  to  the  waste, 
and  reduce  the  quality. 

Puddling  hot  iron  direct  from  the  refinery  has  also  been  practised,  but 
it  is  doubtful  if  the  advantages  from  this  mode  of  working  can  ever  be 
such  as  to  cause  its  extensive  adoption.  The  crude  iron,  after  being 
refined,  is  run  into  a  puddling  famace  and  worked  in  the  usual  manner. 
The  invention  is  a  very  old  one,  having  been  first  tried  nearly  half  a  cen- 
tury ago.  A  due  separation  of  the  metal  from  the  cinder  of  the  finery 
appears  to  be  the  principal  difficulty  in  this  mode  of  working.  In  the  or- 
dinary finery  the  metal  and  cinder  escape  together  from  the  hearth,  but 
by  this  plan  the  metal  only  is  allowed  to  enter  the  puddling  furnace,  the 
cinder  being  obtained  in  a  separate  running.  Close  attention  is  required 
to  be  paid  to  the  separation ;  if  cinder  enters  the  furnace  along  with  the 
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metal,  the  oonreiraion  into  malleable  iron  is  rendered  more  difficult,  while 
the  escape  of  metal  along  with  the  cinder  results  in  a  direct  loss. 

Puddling  with  steam  has  been  several  times  experimentally  tried. 
The  original  experiments  were  made  at  the  Dowlais  works,  where  the  plan 
was  in  operation  at  several  furnaces  for  some  months.  The  invention  was 
considered  at  the  time  to  be  a  decided  improvement,  producing  a  superior 
quality  of  iron  and  a  larger  quantity  weekly.  The  steam  was  brought 
down  to  the  surface  of  the  iron  by  a  row  of  vertical  telescopic  pipes  pass- 
ing through  the  roof  of  the  furnace,  their  depression  and  elevation  being 
under  the  control  of  the  puddler.  On  the  withdrawal  of  the  heat,  the 
steam  was  directed  on  the  fluid  cinder  until  it  was  cooled  down  to  a  pasty 
consistency,  when  it  was  raked  up  against  the  back,  sides,  and  bridge  of 
the  furnace  to  fill  up  any  cavify  that  may  have  been  burned  during  the 
working  of  the  heat.  'Hns  operation  on  the  cinder,  enabling  it  to  be  used 
instead  of  clay  or  limestone,  was  considered  a  decided  improvement  to  the 
quality  of  the  iron,  a  less  quantity  of  earthy  matter  combining  with  it 
during  the  puddling. 

After  an  extensive  trial,  however,  it  was  discovered  that  the  advan- 
tages were  not  commensurate  with  the  expense  of  applying  and  maintain- 
ing the  apparatus.  As  the  value  of  the  invention  was  practically  tested 
befSore  the  patent  was  secured,  its  abandonment  shortly  afterwards  may 
require  some  explanation. 

In  the  first  experiments  made,  the  value  of  the  discovery  was  consid- 
ered as  established  by  the  large  produce  obtained  from  a  furnace  working 
on  this  plan,  amounting  to  28  tons  weekly,  by  the  improvement  discerned 
in  the  quality,  and  by  the  capability  of  substituting  the  cinders  treated 
with  steam  for  the  clay  and  limestone  previously  used  for  repairing. 
When  applied,  however,  to  a  considerable  number  of  furnaces,  the  average 
weekly  produce  was  not  greatly  in  excess  of  that  obtained  before  its  appli- 
cation, the  average  quality  was  not  superior,  while  the  substitution  of  the 
cinder  for  other  materials  could  not  always  be  depended  on.  Having 
witnessed  the  whole  of  these  experiments,  we  are  of  opinion  (and  that 
opinion  is  unshaken  by  the  apparent  success  attending  the  plan  in  some 
recent  trials),  that  the  success  which  was  ascribed  to  the  use  of  steam,  was 
entirely  due  to  the  superior  abilities  of  the  workmen  at  the  furnaces 
selected  for  trial.  In  this  we  are  borne  out  by  the  observation  of  subse- 
quent years.  We  do  not  consider  a  measure  of  success  attending  any 
mere  experiment  of  a  few  weeks'  duration  in  such  an  operation  as  pud- 
dling as  trustworthy  evidence  of  the  value  of  an  invention.  There  are 
workmen  who  with  certain  qualities  of  iron  will  bring  out  nearly  the 
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weight  charged  and  obtain  from  a  furnace  28  or  30  tons,  whilst  others  are 
working  with  a  loss  of  1|  cwts.  to  the  ton,  and  are  nnable  to  make  20  tons 
of  inferior  bars  weekly.  Hence,  in  experiments  requiring  manual  hibour 
for  their  successful  performance,  we  are  disposed  to  make  large  deductions 
from  published  reports  for  the  superior  skill  of  the  workmen  selected. 

A  steaming  apparatus  combined  with  a  blast  has  been  used  experi- 
mentally. The  more  rapid  decarburization  of  the  metal,  by  passing  a 
current  of  hot  air  over  it,  has  also  been  tried  and  abandoned.  Lnproye- 
ment  in  quality  and  other  advantages  were  expected  to  follow  from  its 
use,  but  were  not  realised  in  practice. 

The  employment  of  a  heated  blast  directed  in  minute  jets  on  the  sur- 
face of  the  iron  was  also  tried,  but  eventually  given  up,  as  causing  an 
excessive  waste  by  the  increased  oxidation  of  the  metal. 

In  the  early  puddling  furnaces  the  body  between  the  ash-pit  and  the 
stack  was  filled  up  nearly  to  the  level  of  the  intended  bottom  with  cinder 
or  other  material ;  above  this  a  sand  bottom  was  made  on  which  the  pud- 
dling was  conducted.  The  sand  bottom,  however,  gave  way  to  the  iron 
bottom,  now  universally  adopted  in  preference  to  any  other.  For  boldness 
and  originality  the  idea  of  using  a  tliin  plate  of  cast-iron  as  a  bottom  for  a 
furnace  constructed  expressly  for  melting  crude  iron  has  not  been  equalled, 
but  without  it  the  puddling  process  could  not  have  attained  its  present 
high  state  of  perfection.  Next  to  the  invention  of  puddling  we  look  on 
the  iron  bottom  as  the  greatest  improvement  effected  in  the  operation  of 
converting  cast  into  malleable  iron  bars. 

While  sand  bottoms  were  used  the  yield  was  extravagantly  high,  the 
consumption  of  coal  in  the  furnace  was  great,  and  the  resulting  bar-iron, 
through  mingling  with  a  portion  of  the  siUceous  bottom,  was  inferior  in 
quality.  This  inferiority  would  have  been  more  apparent  but  for  the  em- 
ployment  of  the  ponderous  forge  hammers  of  that  period.  A  portion  of 
the  cinder  was  expelled  during  the  violent  hammering  to  which  the  blooms 
were  subjected ;  but  as  a  quantity  of  the  metal  was  also  detached  the  im- 
provement was  not  effected  without  great  waste  of  iron.  Formerly  the 
ton  of  puddled  bars  was  made  with  a  consumption  of  30  cwts.  and  some- 
times as  much  as  36  cwts.  of  refined  metal.  With  the  present  furnaces  it 
is  done  with  about  21  cwts.,  and  as  there  has  been  no  sensible  reduction 
for  the  last  twenty-five  years^  we  must  consider  the  substitution  of  iron  for 
sand  bottoms  as  having  principally  effected  this  great  reduction. 

The  portions  of  the  furnace  exposed  to  the  intense  heat,  and  the  action 
of  the  fluid  metal,  unprotected  by  cinder,  are  rapidly  burnt  away.  For 
repairing,  fire-clay  is  largely  used  in  several  Welsh  works,  while  in  others, 
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calcined  forge  cinders  are  sncceflsfully  employed.  Cinder,  when  the  calci- 
nation has  been  carried  so  far  as  to  convert  it  into  a  refractory  silicate  of 
iron,  is  undoubtedly  the  best  material.  It  does  not  appear,  however,  from 
experiments,  that  all  forge  cinders  are  equally  applicable  to  this  purpose. 
Such  as  contain  a  large  quantity  of  metal,  and  a  sparing  quantity  of  silica, 
cannot  be  used  with  the  same  success  as  leaner  cinders.  Limestone  is 
frequently  used  in  boiling  furnaces  by  the  puddler  in  preference  to  any 
other  material. 

To  increase  the  durability  of  the  brickwork,  hollow  metal  troughs, 
protected  in  front  by  a  thin  facing  of  brick,  have  been  used  with  partial 
success.  By  means  of  a  current  of  air  circulating  through  them  the  work 
is  kept  comparatively  cool.  This  plan  has  been  several  years  in  operation 
at  the  Dowlais  works.  The  principlQ  has  been  carried  so  far  as  to  sub- 
stitute water  for  air,  by  lining  the  sides  and  bridge  of  the  furnace  with 
hollow  castings  connected  with  each  other  containing  water  in  circulation; 
greater  durability  was  obtamed,  but  the  difficulties  in  the  way  of  applying 
this  element  successfully  were  found  too  great  in  practice.  The  numerous 
contractions  in  the  pipes  connecting  the  various  pieces,  and  the  liability 
to  leakage  at  the  joints,  render  the  plan  an  extremely  dangerous  one.  In 
an  experimental  furnace  erected  with  water  boshes,  a  temporary  stoppage 
of  the  water  was  followed,  on  its  readmission,  by  a  tremendous  explosion, 
carrying  away  the  roof  and  entirely  demolishing  the  furnace.  The  intense 
heat  which  is  communicated  to  the  metal,  if  unprotected  by  the  current  of 
water  for  a  few  minutes  only,  results  in  the  instantaneous  production  of 
volimies  of  steam  greater  than  the  exit-pipe  can  carry  away  in  the  time. 

It  is  a  matter  for  serious  consideration  whether  the  employment  of  air 
or  water  boshes  is  attended  with  any  real  advantage,  supposing  that  no 
difficulty  occurred  in  their  application.  Contrivances  of  this  kind  are 
usually  proposed  on  the  score  of  greater  economy  in  some  material.  In 
the  case  of  the  boiling  and  puddling  furnaces  they  eflfect  a  saving  in  the 
wear  of  the  brickwork,  rendering  the  interior  of  the  furnace  more  durable, 
and  consequently  enabling  the  Aimace  to  be  worked  with  less  repair ;  by 
repair  we  allude  to  such  as  is  eflTected  by  the  puddler  with  clay,  calcined 
cinder,  or  other  materials — all  of  which  are  more  or  less  injurious  to  the 
quality  of  the  bar-iron  produced.  The  direct  saving  in  brickwork  may  be 
ascertained,  but  the  value  of  the  improvement  in  quality  cannot  be  so 
easily  appreciated;  against  these  advantages  there  must  be  placed  the 
absorption  of  heat  by  the  boshes. 

On  this  point  we  may  remark  that  in  patents  connected  with  the  work- 
ing of  iron  an  utter  ignorance  of  the  simplest  principles  of  ironmaking 
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may  often  be  seen.  It  is  not  confined  to  the  theoretical  in^ntor  alone ; 
the  practical  engineer  may  often  be  Been  securing  to  himself  an  invention 
which,  on  investigation,  proves  to  be  worse  than  nseless.  This  is  the  case 
with  water  boshes  and  numerous  other  cooling  contrivances  employed  in 
the  iron  manufacture.  In  a  puddling  or  other  furnace  a  great  heat  is  re- 
quired to  be  generated  quickly,  and  maintained  with  the  least  consumption 
of  coal.  The  escape  of  caloric,  otherwise  than  over  the  metal  under  opera- 
tion, should  be  prevented  by  using  in  the  construction  of  the  inner  lining 
as  perfect  a  non-conductor  of  heat  as  may  be  available  for  the  purpose. 
Fire-brick  is  the  only  material  obtainable  in  sufficient  quantity  at  a  cheap 
rate.  Where  a  thickness  of  nine  or  ten  inches  is  employed,  the  heat 
escaping  through  the  brickwork  is  not  great.  For  this  reason  the  furnaces 
are  built  and  roofed  with  fire-brick,  which  generally  lasts  from  three  to 
four  months  in  working  condition.  Where  iron  boshes  are  employed  the 
temperature  of  the  walls  is  brought  down  by  the  ready  conduction  of  heat, 
and  as  a  current  of  air  cannot  absorb  the  caloric  as  fa^t  as  it  is  communi- 
cated by  the  iron  a  current  of  water  has  been  used.  The  principle  of 
economising  the  heat  evolved  by  the  fud  is  thus  altogether  abandoned, 
and  facilities  are  afforded  for  its  escape.  In  all  estimates,  then,  of  the 
advantages  derivable  from  water  boshes,  the  loss  incurred  by  the  escape 
of  caloric  in  the  water  must  be  taken  into  consideration,  as  well  as  the  loss 
of  metal  displayed  by  inferior  yields.  In  the  case  of  a  blast  furnace  we 
have  already  seen  that  the  heat  absorbed  and  carried  away  in  the  water 
requires  the  expenditure  of  from  7  to  12  tons  of  coal  weekly.  By  measur- 
ing the  quantity  of  water,  and  taking  its  temperature  before  and  after 
entering  the  furnace,  the  quantity  of  coal  which  is  consumed  in  elevating 
it  to  the  higher  temperature  may  be  readily  ascertained. 

The  consumption  of  iron  to  produce  one  ton  of  puddle  bars  by  the 
boiling  process  varies  with  the  quality  of  the  pigs,  and  to  some  extent 
with  the  quality  of  the  coal.  The  yield  of  good  forge  pigs  smelted  from  a 
high  burden  we  find  to  average  21  cwts.  3  qrs.,  with  a  forge  of  puddlers 
of  average  ability ;  with  less  able  men  in  other  forges,  working  under  pre- 
cisely similar  conditions,  the  yield  has  been  22  cwts.  3  qrs.  14  lbs.  If  the 
conditions  are  very  favourable  and  the  puddler  skilful,  the  ton  of  puddle 
bars  can  be  produced  from  21  cwts.  1  qr.  of  pigs. 

The  yield  of  the  iron  from  carbonaceous  ore  is  probably  worse  than 
that  from  any  other  description.  From  the  working  of  the  large  forges  at 
the  Monkland  aud  Dandy  van  works,  we  find  that  the  consumption  of  pigs 
in  these  establishments  in  the  boiling  process  averages  23  cwts.  8  qrs.  19 
lbs.  per  ton  of  puddle  bars. 
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The  ton  of  puddled  bars  may  be  produced  by  the  paddUng  process 
with  a  consmnptiou  of  21  cwts.  1  qr.  of  refined  metal.  This  is  the  average 
consumption  in  a  forge  of  sixteen  furnaces  worked  by  men  of  fair  average 
ability.  All  circumstances  being  favourable,  a  ton  can  be  produced  with 
20  cwts.  8  qrs.  of  metaL  But  taking  the  average  of  eighty-five  furnaces 
over  twenty-two  years,  we  find  the  yield  to  average  21  cwts.  1  qr.  20  lbs, 

The  consumption  of  coal  is  subject  to  similar  variation ;  with  a  bitumin- 
ous coal  yielding  much  flame^  the  consumption  with  superior  workmen 
wiU  average  14  cwts.  per  ton  of  boiled  iron  bars.  With  a  less  inflammable 
coal  it  will  rise  to  18  cwts.,  and  with  the  coals  mined  on  the  edge  of  the 
anthracite  basin  22  cwts.  is  near  the  average.  The  weekly  consumption 
of  coal  at  the  furnace  is  nearly  the  same,  whatever  varieties  of  iron  may 
be  under  operation,  so  that  with  the  kinds  most  difficult  of  conversion  the 
yield  per  ton  is  increased  in  the  same  ratio  as  the  make  is  reduced.  Infe- 
rior puddlers  will  bum  4  to  5  cwts.  per  ton  more  than  able  men.  The 
double  boiling  furnace  effects  a  considerable  saving  of  fael  if  successfully 
managed.  The  yield  of  coal  is  nearly  one-fourth  less  than  with  single  fur* 
naces. 

Tlie  consumption  of  fuel  in  puddling  refined  metal  is  smaller  than  with 
pigs.  With  coal  of  good  quality  and  suitable  for  the  purpose  the  ton  of 
puddle  bars  is  produced  with  a  consumption  of  10  cwts.  only ;  proceeding, 
however,  to  the  semi-anthracite  coal  district,  the  consumption  rises  to  17 
and  18  cwts.  per  ton. 

A  more  perfect  combustion  of  the  coal,  resulting  in  a  slight  reduction 
in  the  quantity  used,  has  been  produced  by  introducing  into  the  fire-place 
above  the  fuel  atmospheric  air  for  burning  the  gaseous  products.  This 
invention  requires  closed  ash-pits  for  its  successful  application ;  the  air 
supplied  to  the  coal  above  and  below  the  bars  is  heated  in  flues  underneath 
and  at  the  sides  of  the  furnace.  The  mixing  of  the  gases  and  air  is  effected 
by  a  perforated  divisional  bridge  through  which  the  heat  passes  to  the 
body  of  the  furnace.  Irons  melting  at  a  low  temperature  have  been 
worked  with  a  considerable  saving  of  fuel,  but  with  the  harder  kinds  the 
obstructions  caused  to  the  draught  by  the  bridge  renders  the  furnace  less 
manageable,  and  the  loss  in  the  yield  of  iron  is  of  far  greater  value  than 
any  saving  of  coal. 

The  horizontal  area  of  the  chimney-flue  at  the  junction  of  the  stack 
with  the  furnace  is  mainly  dependent  on  the  character  of  the  coal.  With 
the  highly  bituminous  varieties,  which  swell  considerably  during  their 
combustion,  and  by  lying  close  in  the  grate  cause  an  obstruction  to  the 
draught,  the  flue  in  this  place— ^or,  as  it  is  termed  by  builders,  the  ^^  take- 
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up  " — is  made  about  18  inches  square ;  the  grate  measuring  2  feet  8  inches 
by  3  feet  9  inches.  This  is  at  the  rate  of  32  inches  of  flue  to  each  superfi- 
cial foot  of  grate.  At  the  Hirwain  works,  where  the  coal  is  of  a  semi- 
anthracitic  nature,  producing  little  flame,  and  increasing  very  slightly  in 
bulk  during  combustion,  the  take-up  is  17  inches  by  10  inches,  for  grates 
2  feet  4  inches  by  3  feet  5  inches ;  equal  to  21  inches  to  each  foot  of  grate. 

The  area  of  the  take-up  is  regulated  also  by  the  skill  of  the  puddler. 
A  good  workman  will  prefer  it  contracted ;  but  an  inferior  hand  desirea 
an  increased  area.  To  a  workman  less  skilful  in  the  manipulation  of  the 
iron,  the  enlarged  area  afibrds  greater  control  over  the  draught,  but  at  the 
expense  of  the  iron  under  operation',  a  .portion  of  which  is  thus  oxidised 
and  lost.  The  maintaining  of  the  take-up  unaltered  is  considered  of  the 
flrst  importance  with  puddlers,  and  where  it  is  constructed  of  fire-brick  its 
enlargement  after  a  week's  work  requires  that  it  should  be  taken  down 
and  renewed.  Sandstone,  from  its  greater  durability,  has  been  adopted  at 
some  works.  If  the  take-up  be  not  reconstructed  of  the  original  Bize,  the 
yield  of  metal  becomes  worse  as  the  area  is  enlarged.  Hence,  with  a  foige 
of  good  workmen,  we  find  that  as  the  time  approaches  for  repairing,  the 
yield  of  iron  per  ton  is  augmented. 

The  area  of  the  grate  is  dependent,  in  a  great  measure,  on  the  quality 
of  the  coals.  At  the  Hirwain  forges  an  area  of  8  feet  is  adopted  as  suffi- 
cient with  their  coal ;  but  at  the  other  forge  belonging  to  the  same  works, 
and  working  iron  from  the  same  blast  furnaces,  we  find  the  grates  ayerag- 
ing  10  feet  in  area.  From  the  very  different  qualities  of  the  coals,  how- 
ever, the  lesser  area  of  grate  at  Hirwain  bums  a  greater  quantity  than  the 
grates  at  the  Forest  works,  although  the  area  of  the  take-up  in  the  latter 
furnace  is  nearly  twice  that  in  the  former. 

The  make  of  a  boiling  furnace  is  dependent  on  the  skill  of  the  puddler, 
the  quality  of  iron  operated  on,  and  the  general  character  of  the  coaL 
Where  these  are  favourable  the  weekly  make  will  not  fall  short  of  21  tons, 
and  the  average  may  be  estimated  at  18  tons.  This,  however,  is  greatly 
above  the  production  in  some  districts.  The  Staffordshire  furnaces,  for 
instance,  do  not  usually  average  more  than  10  tons  weekly. 

The  lesser  make  of  the  Staffordshire  furnaces  may  be  explained  by  the 
shorter  time  they  are  at  work,  and  the  slower  rate  of  working  practised 
by  the  puddlers.  In  the  Welsh  district,  with  an  abundant  supply  of  the 
raw  materials,  iron  and  coal,  the  famace  is  under  work  one  hundred  and 
forty  hours  weekly,  the  only  stoppage  being  four  hours  on  Saturday 
evening  and  the  whole  of  Sunday.  In  Staffordshire  the  furnaces  are  lit 
on  Monday  evening  and  let  out  early  on  Saturday,  the  working  period 
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seldom  exceeding  one  hundred  and  foor  hours  weekly.  From  keeping  the 
furnaces  longer  at  work  each  week  the  Welsh  ironmasters  are  enabled  to 
turn  out  a  comparatiyelj  large  quantity  of  iron  with  a  limited  number  of 
furnaces.  The  yield  of  metal  is  belieyed  to  be  improved,  while  there  can 
be  no  question  but  that  the  yield  of  coal  is  considerably  diminished.  A 
certain  quantity  is  expended  every  week  in  getting  up  the  heat.  The 
consumption  in  this  way  for  each  ton  of  iron  will  be  in  an  inverse  ratio  to 
the  weekly  make. 

The  make  of  the  double  boiling  furnace  averages  36  tons  weekly. 
Working  on  hot  iron  from  the  blast  furnace  the  make  is  as  high  as  46  tons 
weekly.  Similar  furnaces  at  the  Chillington  forges,  Stafibrdshire,  produce 
about  28  tons  weekly. 

The  make  of  puddling  furnaces^  working  on  all  refined  metal,  de- 
pends very  much  on  the  skill  of  the  puddler.  With  first-rate  work- 
men, and  iron  and  coal  favourable,  the  produce  will  reach  28  tons ;  with 
inferior  hands  the  make  will  be  about  21  tons.  Taking  the  average  of 
eighteen  years'  puddling,  we  find  that  the  make  of  puddle  bars  from  five 
forges  was  28  tons  per  week  for  each  furnace  at  work. 


SECTION  xvn. 

HAMMERS    AND    SQUEEZERS. 

The  pnddk  balls  are  delivered  by  the  helper  paddler  to  the  shinglery 
who  shapes  them  into  blooms  preparatory  to  passing  th^n  between  the 
pnddling  rolls. 

The  operation  of  blooming  was  formerly  performed  with  hesry  ham* 
mers ;  these  consolidated  the  balls  by  repeated  blows,  and  expelled  a  laxge 
portion  of  the  cind^.  Daring  the  hammering  tiie  bloom  waa  placed  end- 
ways, receiving  a  conple  of  blows  in  that  position  to  ^^  upset  it^''  or  con- 
dense the  particles  of  metal  longitudinally.  It  is  generally  oooaidered 
that  where  quality  is  an  object,  no  substitute  has  been  discovered  for  the 
hammering.  But  in  yield,  the  principal  object  looked  to  in  the  manufac- 
ture of  much  of  the  bar-iron  of  the  present  day,  the  modem  reciprocating 
squeezer  is  superior. 

The  substructure  of  a  forge-hammer  (Pis.  LXII.,  LXIIL,  Figs.  392- 
407)  usually  consists  of  a  solid  timber  bedding,  containing  from  1000  to 
1500  cubic  feet  of  oak,  capped  by  a  cast-iron  bed-plate  measuring  about 
24  feet  by  7  feet,  and  weighing  from  10  to  12  tons.  Two  standards, 
weighing  about  three  tons,  for  carrying  the  helve,  are  fixed  on  the  bed- 
plate in  strong  jaws,  and  a  third,  also  of  nearly  equal  weight,  for  carrying 
the  cam-ring  shaft.  The  helve  is  T-shaped  in  plan,  and  measures  about  8 
feet  long  by  6  feet  wide  at  the  centre  of  vibration,  and  2  feet  deep  by  12 
inches  wide  in  the  middle.  It  weighs  from  5  to  7  tons.  At  one  end  it 
has  a  recess  for  receiving  the  hammer-face,  which  measures  18  inches 
square  at  the  lower  side.  Standing  on  the  bed-plate,  under  the  centre  of 
the  hammer-face,  is  the  anvil-block,  weighing  from  6  to  6  tons,  having  an 
anvil-face  on  its  upper  side  similar  to  the  hammer-face.  The  helve  and 
its  hammer  were  lifted  by  a  revolving  cam-ring,  5  feet  in  diameter,  having 
wipers  or  catches  on  its  circumference ;  these  caught  in  the  point  of  the 
helve,  lift^  it  up,  and  passing  around,  permitted  it  to  fall  again  on  the 
bloom  under  operation. 

The  great  strength  of  these  hammers,  and  the  weight  of  the  blows 
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^ven,  may  be  partly  understood  from  the  weight  of  the  cftBtings  used  in 
the  conatruetion  of  one  of  medium  size :  Bed,  11  tons ;  helve  standards, 
including  brasses,  3  tons ;  helve,  5  tons  10  cwts. ;  hammer-faee,  15  cwts. ; 
anvil-block,  5  tons  10  cwts. ;  anvil-fiELce,  16  cwts. ;  standards  imder  cam- 
ring  shaft,  2  tons  10  cwts. ;  cam-ring  shaft,  12-inch  bearings,  2  feet  4 
inches  diameter  in  the  middle,  7  tons ;  eam-ring,  4  tons  5  cwts. ;  four 
vipers,  24  cwts. :  total,  41  tons  10  cwts. 

When  not  working,  the  helve  was  propped  up  dear  of  the  cam-ring  on 
an  iron  bar  made  to  fit  under  a  projection  cast  for  that  purpose.  The 
puddle  ball  having  been  placed  on  the  anvil-face,  the  helve  is  lifted  off  the 
pTop  by  a  boy  holding  a  small  kon  block  underneath  the  point,  and  sa 
bringing  it  within  the  action  of  the  wipers ;  the  prop  being  withdrawn^ 
the  helve  descends  on  the  ball  to  be  lifted  again  by  the  succeeding  wiper* 
The  height  of  the  lift  depeaidB  on  the  relative  position  of  the  helve  and 
cam-ring,  and  provision  is  made  in  the  standards  for  any  alteration  that 
may  be  deemed  necessary ;  for  a  hammer  of  the  dimensions  described,  the 
lift  would  average  16  inches.  The  gearing  on  the  cam-ring  shaft  in  con- 
nexion with  the  engine  or  other  prime  mover,  is  prop<»rtioned  to  18  or  19 
revolutions  of  the  cam-ring  per  minute ;  consequently,  with  4  wipers  in 
the  cam,  the  number  of  blows  ranges  from  72  to  76  per  minute.  The 
puddle  balls  receive  from  15  to  25  blows,  occupying  from  18  to  80  seconds, 
to  convert  them  into  blooms. 

The  squeezer  has  now  almost  entirely  supplanted  the  hammer  in  the 
forge.  Its  first  cost  is  not  half  so  great,  the  cost  of  maint^iance  is  dimin- 
ished in  a  similar  ratio,  and  if  the  quality  of  the  iron  treated  is  not  im- 
proved, the  quantity  produced  is  greater.  The  squeezers  commonly 
employed  have  a  reciprocating  motion,  and  are  distingoished  as  single  and 
double-ended.  The  single  have  but  one  anvil  and  hammer  (PI.  lULy 
Figs.  304,  805 ;  PI.  LY.,  Figs.  320-380),  the  double  have  two  hammmi 
and  two  anvils  (PI.  LXL,  Figs.  887-891). 

For  a  double-ended  squeezer,  the  cast-iron  bed-plate  is  laid  on  two 
longitudinal  balks  of  timber ;  it  measures  about  20  feet  by  5  feet,  and 
weighs  6  tons.  On  one  end  strong  standards,  having  heavy  brasses,  are 
securely  fixed  to  it  for  carrying  a  dip  crank.  Kear  the  centre,  two  oilier 
standards,  firmly  secured  to  the  bed-plate,  carry  the  squeeze  arm.  This 
consists  of  a  Y-shaped  lever  moving  on  a  centre  gudgeon,  one  of  its  ends 
being  connected  by  a  sweep-rod  to  the  crank.  Becesses  are  cast  in  it  to 
receive  hammer-&ces,  8  feet  long  by  1  foot  6  inches  wide.  On  the  bed- 
plate a  strong  horizontal  frame  carries  the  two  anvil-fEuses,  each  measuring 
6  feet  by  18  inches.    When  the  lever  is  mounted  and  in  a  horizontal 
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positioii,  the  inside  end  of  each  hammer-face  will  be  5  inehes,  and  the 
outer  end  16  inches  from  the  anvil-face.  If  the  crank  has  a  16-inch  stroke, 
these  distances  will  be  diminished  to  4  and  11  inches  respectivelj  at  the 
bottom  centre,  and  increased  to  6  and  21  inches  at  the  top  centre. 

The  weight  of  the  varions  pieces  composing  a  double  squeezer,  snch  as 
we  have  described,  may  be  stated  as  follows :  Bedding,  6  tons ;  ci^ank- 
shaft  standards,  2  tons  10  cwts. ;  crank,  12  cwts. ;  standard  nnder  anvils, 
4  tons ;  centre  standards,  2  tons  16  cwts. ;  squeezer  arm,  8  tons  5  cwts. ; 
anvils,  1  ton  16  cwts. ;  hammers,  14  cwts. ;  total  castings,  21  tons  13  cwts. 

The  puddle  ball  is  delivered  bj  the  helper  puddler  to  the  shingler, 
who  moves  it  forward  on  the  squeezer  anvil  until  it  arrives  in  contact 
with  the  hammer-face.  At  each  stroke  of  the  squeezer-arm  the  ball  is 
flattened  by  the  pressure,  and  a  portion  of  the  cinder  expelled ;  during  the 
up  stroke  it  is  turned  over  by  the  shingler  towards  the  fulcrum  of  the  aim, 
where  it  is  reduced  to  a  bloom  about  5  inche  in  diameter  by  18  inches 
long,  after  having  received  in  its  progress  from  15  to  20  strokes*  The 
upsetting  is  performed  at  the  extreme  end  of  the  squeezer,  where  its 
elevation  above  the  anvil  gives  sufficient  height  for  the  bloom  to  be  set  up 
on  end  and  pressed. 

The  squeezer-crank  revolves  from  45  to  80  times  per  minute,  according 
to  the  speed  at  which  the  rolls  are  set ;  the  last  is  a  high  speed ;  56  to  60 
revolutions  is  more  advantageous.  The  time  occupied  in  squeezing  each 
ball  averages  25  seconds  when  the  crank  revolves  60  times  per  minute, 
giving  25  blows  altogether  to  each  bloom. 

The  hammering  and  squeezing  processes  differ  from  each  other,  inas- 
much that  in  the  former  the  ball  is  shaped  by  the  impact  of  the  descending 
hammer ;  whereas  in  the  latter,  the  object  is  attained  by  simple  pressure. 
In  erecting  a  hammer,  the  chief  requisites  are  a  foundation  that  shall  with- 
stand the  concussion,  and  machinery  capable  of  lifting  and  supporting  the 
helve  at  the  rapid  rate  of  working  practised.  For  this  purpose  the  cast- 
ings are  made  very  heavy,  and  weigh  as  we  have  already  stated  above  40 
tons,  of  which  nearly  19  tons  are  in  motion.  In  the  construction  of  the 
squeezer,  the  tensile  strength  of  the  cast-iron  employed  is  severely  tried. 
The  crank  and  centre  standards,  sweep-rod,  and  squeezer-arm  are  subject 
to  enormous  strain,  and  require  to  be  made  proportionately  strong.  From 
the  experience  obtained  in  the  working  of  nine  puddling  forges,  we  learn 
that  the  aggregate  sectional  area  of  the  crank  standards  in  their  weakest 
place  should  not  be  less  than  136  inches  ;  the  centre  standards,  212  inches ; 
and  the  wrought  straps  on  the  sweep-rod,  12  inches. 

With  the  weights  and  proportions  given,  the  duration  of  the  respective 
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inoviBg  parts  we  find  to  be  as  follows,  for  a  forge  of  sixteen  fnmaeed : 
Squeezer-arm,  10  months;  anvils,  6  months;  hammers,  11  months; 
cranks,  3  months ;  brasses  to  cranks,  8  weeks.  The  duration  of  the  ham- 
mers and  anvils  may  be  increased  by  casting  in  them  a  small  wrought- 
iron  pipe  bent  in  a  seii)entine  form  for  keeping  them  cool  by  a  current  of 
water,  and  thus  preventing  the  adhesion  of  the  cinders.  The  inlet  and 
outlet  pipes  of  the  hammer  are  brought  over  the  centre  gudgeon  where 
the  vibration  is  least,  and  united  by  a  flexible  connexion  to  other  pipes. 
By  using  water  in  circulation  through  them,  the  hammer  and  anvil  will 
work  nearly  twice  the  usual  quantity  of  iron  before  requiring  renewal. 

Motion  is  usually  communicated  to  the  squeezer  by  coupling  the  crank 
direct  to  the  end  of  the  bottom  roughing-roU  of  the  puddling  train ;  in  a 
few  works  shafting,  independent  of  the  rolls,  is  employed,  and  the  squeezer 
driven  at  a  reduced  speed.  The  strain  is  taken  off  the  rolls  in  this  ar- 
rangement, but  the  greater  number  of  bearings  in  motion  and  the  addi- 
tional spur  gear  increases  the  resistance  to  the  working  of  the  forge,  and 
probably  balances  any  advantage  that  might  otherwise  accrue  from  a 
separate  connexion. 

The  connexion  of  the  squeezer-crank  with  the  end  of  the  roll  ought  at 
all  times  to  be  made  by  means  of  a  connecting-spindle,  as  long  as  circum^ 
stances  will  allow.  Connecting  direct  to  the  roll  end  is  objectionable, 
though  it  is  generally  done ;  the  lifting  of  the  squeezer-crank  causes  the 
roughing-rolls  to  wear  unequally,  and  throws  an  unnecessary  strain  on  the 
necks.  By  employing  an  intervening  spindle  this  is  avoided,  and  the 
durability  of  both  rolls  and  crank  is  increased.  Greater  fiEtcilities  are  also 
afforded  by  this  arrangement  for  changing  rolls,  and  the  stand  for  the 
rougher  is  made  more  durable  by  keeping  the  squeezer  farther  off.  In  a 
forge  where  the  cranks  were  connected  by  crabs  directly  to  the  roughing* 
rolls,  placing  a  short  spindle  between  increased  their  average  duration 
from  six  weeks  to  five  months. 

Various  modifications  of,  or  substitutes  for,  the  common  lever  squeezer 
have  been  brought  out  from  time  to  time,  and  used  to  a  limited  extent. 
The  first  in  the  list  was  an  American  invention.  It  consisted  of  a  circular 
cast-iron  well,  containing  a  revolving  cylinder  of  equal  depth,  placed 
eccentrically ;  the  least  distance  between  the  two  was  equal  to  the  diame- 
ter of  the  finished  bloom,  while  at  the  widest  the  breadth  was  equal  to  the 
diameter  of  the  largest  size  ball.  Motion  having  been  communicated  to 
the  inner  cylinder  by  strong  bevil  gearing  in  connexion  with  the  engine, 
the  ball  is  placed  in  the  machine,  the  inner  cylinder,  armed  with  short 
teeth  on  its  circumference,  seizes  it,  and  during  its  revolution,  by  a  com- 
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bined  squeezing  and  rolling  motion,  the  ball  is  rednced  to  a  Uoom  of  the 
desired  dimensions,  and  delivered  at  the  opposite  side  to  the  rongher. 

This  machine  is,  taken  altogether,  a  specimen  of  great  ingennitjr,  but 
in  practice  the  bevil  gearing  and  the  liability  to  derangement  ore  great 
drawbacks  to  its  employment ;  besides  which  no  effectual  means  are  pro- 
vided for  the  upsetting  of  the  bloomy  an  operation  which  cannot  be  dis- 
pensed with  if  the  quality  is  to  remain  unimpaired. 

An  apparatus  of  a  similar  kind  working  yertically  is  also  in  use  in  a 
few  works  (PL  LXIII.,  Fig.  408).  The  revolving  cylinder  is  mounted  on 
two  strong  cast-iron  frames,  between  which  a  semi-cylindrical  casting  is 
fixed  eccentrically  to  the  cylander.  The  conversion  of  the  ball  into  a 
bloom  is  effected  in  the  same  way  as  with  the  American  machine,  and  is 
subject  to  the  same  defects.  In  one  erected  at  the  Plymouth  works  an 
attempt  was  made  to  manage  the  upsetting  by  means  of  side  blocks  acted 
on  by  springs ;  self-feeding  and  delivering  machinery  was  also  provided, 
altogether  it  probably  was  the  most  complete  of  its  kind.  Its  working, 
however,  was  not  satisfactory,  and  the  reciprocating  squeezer,  formerly 
employed,  was  restored  to  favour. 

In  another  substitute  for  the  ordinary  squeezer,  the  blooming  of  the 
ball  is  accomplished  by  passing  it  between  three  eccentric  rolls,  which 
during  their  revolution,  by  compression,  extend  it  laterally  to  the  size  for 
the  rougher.  The  three  rolls  work  on  bearing  brasses  in  a  strong  framing 
fitted  with  adjusting  screws,  and  are  coupled  together  by  nuts  and  spur 
gearing. 

There  are  some  features  common  to  all  the  substitutes  yet  offered  fer 
the  common  squeezer  which  have  not  been  sufficiently  considered  by  their 
inventors.  Their  first  cost  is  from  four  to  ten  times  as  great;  and  the 
effectual  upsetting  of  the  bloom  is  accomplished  only  by  using  complex 
machinery.  This  large  outlay  for  an  apparatus  which  at  best  does  no 
more  than  the  simpler  machine,  is  an  important  consideration  with  iron- 
masters. With  the  greater  first  cost,  occasioned  by  the  num^ous  working 
and  wearing  parts,  the  cost  of  maintenance  is  increased  in  nearly  the  same 
proportion.  Generally  speaking,  too,  the  improved  squeezers  are  not 
erected  without  several  portions  having  been  turned  and  fitted ;  in  the 
event  of  breakage  considerable  delay  must  therefore  necessarily  occur  in 
the  replacement  of  such  parts.  The  common  squeezer,  except  turning  the 
crank  journals,  has  no  fitting  work  whatever  in  its  construction,  and  in  the 
event  of  a  part  breaking  may  be  got  to  work  again  in  from  two  to  three 
hours  at  the  outside. 

In  one  respect,  however,  the  patent  squeezers  are  certainly  superior* 
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"With  the  reciprocating  machine,  if  the  metal  in  the  ball  appears  to  have 
been  insufficiently  worked  by  the  pnddler  the  shingler  lets  it  stand  a  few 
seconds  before  squeezing.  In  the  revolving  squeezer,  however,  no  excep- 
tion is  made  on  account  of  the  condition  of  the  iron ;  all  is  treated  alike. 
The  properly-worked  iron  passes  through  safely,  but  the  labour  of  the 
inferior  hand,  too  friable  to  stand  the  rolling  motion,  is  torn  to  pieces. 
Hence  with  these  squeezers  the  iron  is  required  to  be  worked  with  great 
care  or  the  yield  is  very  bad — a  check  is  thus  obtained  upon  the  men. 

When  the  entire  forge  is  composed  of  good  hands,  and  the  quality  is 
desired  to  be  good,  the  work  produced  will  be  equal,  but  not  superior,  to 
that  produced  with  like  care  from  the  common  squeezer.  Where,  how- 
ever, the  forge,  is  made  up  of  mixed  hands  the  yield  is  considerably  against 
the  improved  squeezers. 

The  proprietors  of  these  machines  state  that  they  effect  a  great  im- 
provement in  the  quality  of  the  iron  over  that  prodaced  by  the  old 
squeezer.  This  is  very  far  from  correct.  No  squeezer  can  improve  the 
quality  of  the  iron.  The  quality  is  dependent  on  the  iron  used  and  the 
ability  of  the  puddler.  If  the  crude  iron  is  bad,  and  the  puddler  an 
indifferent  hand,  no  squeezer  ever  invented  can  improve  the  quality  of 
his  work. 

Tliere  is,  then,  this  difference  in  the  working  of  the  old  and  improved 
squeezers :  the  common  squeezer  can  shingle  any  description  of  iron  suc- 
cessfully, but  the  patent  squeezer  can  only  work  advantageously  on  well- 
wrought  iron  of  superior  quality.  This  capability  on  the  side  of  the  com- 
mon squeezer  is  a  great  advantage  to  the  manufacturer  of  the  lower  quali- 
ties of  bar-iron. 


SECTION  xvra. 


PUDDLING    ROLLS. 


The  puddle  ball  having  been  shaped  by  the  ehingler  into  a  bloom  of 
Buitable  size  for  the  grooves  of  the  rolls,  the  rougher  now  takes  it  in  hand. 
The  bloom  is  passed  through  the  largest  groove  of  the  roughmg  rolls,  then 
through  the  next  smaller,  until  its  sectional  diameter  is  sufficientlj  re- 
duced for  the  roller,  who  shifts  it  to  the  finishing  rolls,  and  after  passing  it 
three  or  four  times  between  the  rolls,  through  as  many  different  grooves, 
produces  a  finished  puddle  bar. 

Two  pair  of  rolls  form  the  puddling  train  (Pis.  Lin.-LX.),  one  pair  for 
roughing  down  the  bloom,  the  other  for  finishing  it  into  a  bar.  The 
grooves  used  in  the  roughing  pair  are  either  oval,  gothic,  or  diamond- 
shaped  ;  generally  the  first  two  or  three  grooves  are  gothic  and  the  other 
diamond.  The  finishing  rolls  are  usually  turned  with  grooves  to  produce 
flat  bars  from  3  to  7  inches  wide  by  i  inch  to  1 J  inches  thick.  For  the 
narrow  bars  a  pair  of  finishing  rolls  will  contain  a  sufficient  number  of 
grooves  to  work  iron  of  two  widths ;  but  for  the  wide  bars  a  pair  of  rolls 
are  required  for  each  width.  In  some  Scotch  forges  we  observe  the  train 
composed  of  three  pair  of  rolls,  one  for  roughing  and  two  for  finishing ; 
one  of  these  being  for  narrow  and  one  for  wide  bars.  The  employment  of 
the  second  pair  of  finishing  rolls  can  be  attended  with  no  advantage  com- 
mensurate with  their  first  cost,  and  the  power  expended  in  driving  them. 
The  single  pair  of  finishing  rolls  is  much  simpler,  and  having  fewer  con- 
nexions there  is  less  liability  to  derangement.  Whenever  a  different 
width  is  required,  the  rolls  may  be  changed  in  the  space  of  thirty-five  to 
forty  minutes,  and  in  the  puddling  forge,  with  good  management,  a  large 
quantity  may  be  rolled  of  each  size. 

In  small  forges  and  where  room  is  an  object,  the  roughing  and  finish- 
ing grooves  are  sometimes  seen  in  the  same  pair  of  rolls,  which  are  then 
made  proportionately  longer.  Tliis  arrangement  may  be  advantageous 
under  certain  circumstances,  but  the  greater  weight  of  rolls  required  to  be 
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kept  in  stock,  and  the  necessitj  for  changing  Buch  heavy  rolls  for  eyerj 
alteration  of  width,  are  objections  to  this  plan. 

The  durability  of  the  necks  and  brasses  is  greatly  increased  by  nsing 
cinder  plates.  A  narrow  groove  is  sunk  in  the  body  of  each  roll  close  to 
the  ends,  and  a  thin  wrought-iron  plate  inserted  before  loirering  the  top 
roll  (PI.  LVL,  Figs.  331,  348).  By  this  means  the  cinders  which  other- 
wise get  into  the  bearings,  and  grind  away  both  iron  and  brass,  are  ex- 
cluded. 

The  bottom  roughing-roU  is  provided  with  a  serrated  fore-plate  and 
rest  (PL  LX.,  Figs.  377-379,  381) ;  the  bottom  finishing  with  rest  and 
wrongh^iron  top  and  false  guides  (Pis.  UX.,  LX.,  Figs.  370-375,  380). 
Where  water  power  is  employed,  and  there  is  no  danger  of  the  guides 
being  drawn  in,  single  guides  cottered  down  to  the  rest,  as  in  the  Cyfarthfa 
forges,  may  be  used  (PL  LVI.,  Figs.  346,  347).  With  loose  guides,  the 
catches  of  the  couplmg-crabs  are  constructed  so  that  if  the  motion  of  the 
engine  be  reversed  the  train  of  rolls  is  disconnected.  Unless  this  pro- 
vision were  made,  the  entrance  of  the  cold  iron  guides  on  the  backward 
motion  would  be  followed  by  a  breakage. 

The  puddling  rolls  are  generally  18  inches  diameter  by  3  feet  6  inches 
long  between  bearings;  necks,  10  inches  diameter;  length  of  roll  over 
necks,  6  feet  6  inches.  A  pair  will  work  about  a  month  without  cleaning, 
and  will  be  worn  out,  body  and  flutes,  in  four  or  five  months.  The  im- 
mense strain  on  the  standards  when  rolling  comparatively  cold  iron  re- 
quires them  to  be  of  great  strength.  The  aggregate  area  of  metal  in  the 
two  standards  to  each  pair  of  rolls  should  be  in  the  weakest  place  not  less 
than  230  inches;  and  the  pinion  standards  should  be  of  nearly  equal 
strength. 

The  puddle  bar  after  leaving  the  rolls  is  taken  by  boys  to  the  cutting- 
shears,  which  in  well-arranged  forges  are  placed  opposite  the  finishing 
rolls.  The  general  practice  is  to  shear  the  bars  hot,  but  when  the  lengths 
and  sizes  for  the  mill  piles  are  not  known,  the  old  plan  of  dragging  them 
out  to  the  bank  and  shearing  cold  is  followed.  Stronger  shears  are  then 
required,  and  the  labour  is  performed  by  men. 

The  speed  of  the  puddling  rolls  ranges  from  36  to  80  revolutions  per 
minute.  The  Staffordshire  and  Derbyshire  forges  probably  work  at  the 
lowest  speed  of  any  in  this  country.  The  Welsh  forges  are  driven  from 
60  to  80.  The  speed  preferred  by  the  workmen,  and  which  is  found  most 
advantageous  with  all  but  very  red  short  metal,  may  be  placed  at  56.  But 
if  the  iron  be  very  red  short,  a  higher  speed  is  attended  with  less  waste. 
The  shears  may  be  driven  at  the  same  rate  as  the  rolls  when  the  latter  do 
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not  exceed  dO  xeyolntuHia  per  minute ;  but  when  they  run  fiister,  the 
shears  should  be  geared  so  as  not  to  exceed  this  number  of  cuts  per 
minute. 

At  a  speed  of  80  revolutions  per  minute,  the  bar  travels  at  the  rate  of 
4jt  miles  per  il^our,  and  at  this  rate  the  workman  must  follow ;  at  a  speed 
of  56  per  minute,  the  bar  travels  at  the  rate  of  3  miles  per  hour. 

We  subjoin  in  Ihe  following  tables  the  principal  dimensions  of  such 
parts  of  the  machinery  as  demand  special  care  in  their  construction ;  thqr 
are  taken  from  forges  which  have  been  at  work  some  years : 
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SECTION  XIX. 

HEATING  OR  BALLINO  FURNACE. 

The  conversion  of  the  puddle  bars  into  the  varions  forms  of  finished 
iron  met  with  in  commerce 'is  done  by  heating  them  in  furnaces,  commonly 
caUed  "baUing  furnaces"  (Pis.  LXV.,  LXVI.,  LXVU.)— but,  perhaps^ 
^^  heating  furnaces,"  the  name  by  which  they  are  distinguished  in  some 
works,  is  more  appropriate — and  afterwards  rolling  them  out  into  bars,  or 
plates,  of  such  sections  and  dimensions  as  may  be  desired. 

The  heating  furnace  is  very  similar  to  the  puddling  furnace ;  it  has  a 
chimney  of  like  dimensions,  but  is  generally  8  or  9  inches  wider  and  2 
feet  longer,  for  working  the  larger  sizes  of  iron.  The  area  of  the  fireplace 
averages  12  feet.  The  cast-iron  bottom  is  placed  13  or  14  inches  below 
the  working  door,  and  on  it  a  sand  bottom  is  laid,  falling  from  the  door, 
both  towards  the  back  of  the  furnace  and  towards  the  fine.  Between  the 
body  of  the  furnace  and  fireplace  a  bridge,  9  inches  thick,  is  carried  up  to 
within  14  inches  of  the  roof;  and  at  the  stack  end  the  sand  bottom  is 
gradually  rounded  off  to  meet  the  floor  of  the  flue.  The  iron  bottom  is 
not  indispensable,  though  generally  used.  If  the  bridge  be  carried  up 
from  the  bottom  of  the  ash-pit,  the  inside  space  may  be  filled  up  with  any 
convenient  material  to  a  level  for  the  sand  bottom.  A  stock  hole  and 
working  door  complete  the  heating  furnace. 

A  number  of  puddle  bars  of  a  suitable  length,  generally  from  3  to  4| 
feet,  are  placed  together  to  form  a  '^  pile,"  the  sectional  dimension  of 
which  varies  with  the  size  of  iron  ordered,  from  8  inches  to  10  inches 
square.  If  the  piles  are  made  3  feet  6  inches  long  and  7  inches  wide,  by 
8  inches  high — a  common  size  for  railway  bars  and  the  larger  kinds  <^ 
merchant  iron — ^the  bailer  charges  four  at  a  time  for  a  heat,  by  placing 
them  singly  on  a  flat  iron  bar,  called  a  "  peeler,"  and  sliding  them  into 
the  furnace,  taking  due  care  not  to  displace  the  arrangement  of  the  bars. 
When  charged  the  four  piles  will  lie  nearly  across  the  furnace,  radiating 
from  the  door,  the  ends  towards  the  back  lying  6  or  8  inches  lower  than 
those  nearest  the  door. 
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A  little  fine  coal  is  thrown  around  the  door,  to  exclude  the  cold  air, 
and  the  damper  opened  to  its  widest  extent.  The  grate  is  cleaned,  fresh 
fuel  added,  and  the  fire  urged  to  the  production  of  an  intense  heat.  After 
charging,  the  bailer's  chief  occupation  is  watching  the  piles,  and  turning 
them  so  that  they  may  be  heated  equally,  and  be  brought  to  a  welding 
heat  in  the  least  time.  When  this  point  is  approached,  a  portion  of  the 
iron  becomes  oxidized,  and,  combining  with  the  earthy  matter,  it  forms  a 
cinder,  which  flows  over  the  surface  of  the  pile,  and  protects  it  for  a  brief 
period  from  the  further  action  of  the  air.  If  the  operation  be  prolonged, 
the  flow  of  cinder  ceases,  and  the  iron  suffers  from  the  oxygen  of  the  air, 
losing  its  tenacity  and  propeily  of  welding. 

A  ''  heat "  such  as  we  have  described  will  be  ready  in  sixty  minutes. 
The  piles  are  then  grasped  by  a  pair  of  heavy  tongs,  and  dragged  on  to  a 
carriage  for  conveyance  to  the  rolls.  The  drawing  out,  charging  a  fresh 
heat,  and  repairing  the  bottom,  will  average  sixteen  minutes  per  heat. 
Piles  of  this  size  weigh  about  4  cwts.  each.  At  this  rate,  a  heating  fur- 
nace will  work  36  piles  in  the  twelve  hours,  or  83  tons  of  iron  per  week. 

For  the  smaller  sizes  of  merchant  bars  the  piles  are  made  about  18 
inches  long,  3  inches  wide,  and  2^  to  3  inches  thick.  The  heat  is  composed 
of  16  or  18  piles,  which  take  from  twenty-eight  to  thirty  minutes  in  reach- 
ing a  welding  heat.  The  time  occupied  in  drawing  out  the  heat,  recharg- 
ing and  repairing,  averages  twenty-one  minutes.  A  furnace  upon  piles  of 
such  a  size  working  at  this  rate  heats  about  31  tons  weekly. 

The  smallest  sizes  of  bars  are  rolled  from  solid  bolts  of  manufactured 
iron,  termed  "  billets,"  measuring  12  to  20  inches  long  by  IJ  to  If  in  their 
diameter.  Smaller  heating  furnaces  are  employed,  and  from  25  to  30 
billets  are  heated  at  once.  To  economise  time  and  reduce  the  waste  of 
iron,  which  otherwise  would  be  very  great  with  the  smallest  sizes,  cold 
billets  are  charged  nearly  as  fast  as  the  hot  ones  are  withdrawn.  Furnaces 
working  on  billets  for  guide  iron,  heat  from  15  to  25  tons  a  week,  accord- 
ing to  the  size  of  the  finished  bar. 

The  loss  of  weight  during  the  heating  process  is  dependent  chiefly  on 
the  skill  of  the  bailer.  With  care  and  a  fair  average  quality  of  iron  the 
loss  will  not  exceed  80  lbs.  per  ton  on  the  large  piles,  130  lbs.  on  the 
smaller  sizes,  and  210  lbs.  on  the  guide-rolled  iron.  The  yield  or  con- 
sumption of  puddle  iron  to  produce  one  ton  of  finished  iron  is  ordinarily 
much  greater  than  this,  but  having  accurately  weighed  the  iron  before 
and  after  heating,  we  find  that  perfectly  sound  bars  may  be  produced  with 
a  loss  no  greater  than  that  we  have  stated. 

The  consumption  of  coal  in  heating  the  large  size  piles  averages  7  cwts. 
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to  the  ton  of  iron  charged;  in  Hie  Bmall^  sifles,  10  owtg.;  and  in  the 
smallest  merchant  bars,  13  cwts. 

The  formation  of  the  pile,  in  the  amtngement  of  the  pieces,  thdr  size, 
weight,  and  quality  is  a  subject  of  much  importance  in  the  manufacture 
of  sound  bar  iron.  The  form  of  the  finished  bai*,  and  the  purpose  to 
which  it  is  to  be  applied,  require  to  be  carefully  attended  to  in  the  piling, 
together  with  the  local  character  of  the  iron 'about  to  be  employed.* 

A  rail  pile  for  the  common  qualities  of  rails  is  usually  composed  of  a 
bottom  piece  of  No.  2  iron  6  or  7  inches  wide,  by  1  inch  thick^  on  which 
18  or  20  pieces  of  puddle  iron  3  to  ftj-wide  by  f  thick  are  placed,  capped 
by  a  second  piece  of  No.  2  iron  of  the  same  size  as^  the  first  If  intended 
for  flanch  rails,  square  bars,  of  soft  iron  are  added  to  the  plate  of  No.  2  to 
form  the  flange.  The  iron  for  these  bars  is  worked  for  the  purpose  from  a 
burden  containing  little  or  no  red  ore  or  refinery  cinder.-  Thin  and  broad 
flaached  rails  cannot  be  work^ed  unless  attentioni  is  paid  in  the  piling  to 
ensure  the  presence  of  a  very  soft  tenaeious  iron  in.  the-  flange*  The 
greater  diameter  of  die  rolls  at  &e  body  of  the  rail-dragging  the  thin  por- 
tion through,  throws  a  strain  upon  the  flanges  in  the  finidiing  grooves 


*  The  principal  purpose  to  which  puddle  bur  is  now  applied  is  the  fabrication  of  raHwrnj  bars; 
Of  late  years  English  railwa^r  companies  have  been-  In  the*  habil  of 'minutely  qtediying  the  qualities 
of  the  iron,  its  ammgemeBt  in  the  pile,  length  and  thiekneaa^  and  mode  of  working.  The  railroad 
engineer,  whose  acquaintance  with  the  manufacture  must  necessarilj  be  limited,  dictates  to  the 
experienced  manufacturer  the  plan  to  be  pursued  in  the  manufacture  of'  the  rails.  A  superioritj  in 
quality  is  supposed  to  be  ensared  by  these  precautions.  Railway  eompanies,  howcTer^  commit  a 
great  error  when  they  undertake  to  define  the  section  of  pile  and  mode  of  rolling. 

In  the  first  place,  by  spedfying  that  certain  proportions  of  If  o.  2'and  Ka  S  Iron  ate  to  form  the 
pile,  they  treat  the  local  appdlations  of  Nos.  1,  2,  or  8  as  defining  imns  of  partieular  quality  and 
value,  instead  of  being,  as  they  are,  simply  convenient  terms  used  by  the  manufacturer  to  di^ 
tinguish  iron  that  has  been  rolled  this  number  of  times.  The  quality  of  the  iron  is  modified,  but  not 
determined,  by  the  number  of  reheatings  and  rollingsi  The  No.  S  of  one  manufacturer  nay  surpass 
in  strength,  fibre,  and  other  qualities  the  No.  3  of  other  makers ;  and,  in  the  ikbrication  of  rulway 
bars,  might  be  quite  as  advantageous  as  that  of  the  higher  denomination.  But  the  railway  companies 
require  the  extra-  process  to'  be  gone  through,  which  entails  so  much  additional  expense  that  the 
superior  No.  3  cannot  then  compete  in  price  with  the  inferior.*  Oonseqaentiy,  by  specifying  the 
number  of  the  iron  to  be  used  the  railway  oompanies  unintentionally  secure  for  themselTea  the 
inferior  rails  which  they  are  anxious  to  avoid. 

In  the  second  place,  when  a  specificatioA  of  the  iron*  to  be  used  aoeompanies  the  order  ibr  the 
rails,  their  production  is  reduced  to  a  mere  contract  to  supply  railp  according  to  such  specification, 
and  the  manufacturer  is,*  consequenUy,  relieved  of  any  responsibility  as  to  the  fitness  and  suflBciency 
of  the  iron '  for  the  purpose  intended.  The  manuftoturer  prefers  (woiking  wSth  a  spedilcation, 
because  if  the  manufactured  bars  wear  badly,  or  otherwise  prove  defective^  he  is  absolved  from  the 
consequences. 

The  Continental  railways,  constructed  under  the  superintendent  of  local  engineers,  adopt  a  more 
rational  course.  They  stipulate  t^  the  finished  bar  diall  bear  certain  tests  without  injurious  deflec- 
tion, or  opening  of  the  fibre,  leaving  the  quality  of  the  iron  used  and  mode  of  working  to  the  judg- 
ment of  the  manufacturer ;  and  he,  by  contracting  for  certain  qualities  in  the  finished  bar,  is  oom- 
peUed  to  use  sueh  Iron  as  will  ensure  their  presence. 
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Bofficientl  J- great,  fiometUnes  as  to  tear  them  off.    In  heating,  abo,  care  is 
required  that  the  pieeeB  tp  form  the  flange  are  not  oyer-heatedL 

If  the  rail  is  large,  or  the  metal  unequallj  distributed,  the  process  of 
shaping  is  frequently  commenced  in  the  pile,  which  is  made  of  a  dimin- 
ished width  at  the  head.. 

For  the  doubl&Jieaded^  Ihe  bridge,  and  some  other  varieties  of  railway 
iron,  a  common  pile  is.  made ;  such  a  proportion  oi  superioo*  iron  being 
used  as  the  specification  requires  or  the  manu&cturer  deems  necessary.  A 
portion  of  the  centre  is  fr^uently  made  with^pieces  of  rails  cut  into  short 
lenglJis  for  remanufaetore.  Front  their  irregular  section,  however,  they 
do  not  work  m  well  with  fiat  bars;  and  to  render  the  pile  more  solid  pud- 
dle bars  are  rolled' of  such  a  form  as  will,,  when  combined  with  the  rails, 
leave  the  smallest  interstices. 

In  the  manufacture  of .  merchant  iron  of  No.  2,  or  common  quality,  the. 
pile  is  composed  entirdy  of  paddle  bars  laid  one  xui  the  other.    For  larger 
piles,  and  where  the  width<  greatly  exceeds  the  height,  a  double  row  of 
bars  is  employed;  in  all  cases  the  pile  is  rectangular.. 

The  piles  for  Ko.  3^  iron  are  made  in  the  same  manner,  but  with  No.  3 
iron  instead  of  puddle  bars..  The  superiority  of  No.  3  to  No.  2  is  conse- 
quenjbly  due  to  the  additional  reheating-  and  rolling,  by  which  the  fibre 
and  general  quality  of  some  irons  are  considerably  improved. 

In  the  manufacture  of  particular  orders,  in  order  to  develop  the  fibre 
as  much  as  possible,  the  pile  is  made  short  and  thick,,  so  that  in  the  subse- 
quent great  elongation  by;  reeling  the  iron  may  become  of  a  dense  fibrous 
charact^.  For  this  purpose  the  short  thick  pile  is  evidently  superior  to 
any  other  form,  but  in  consequ^ice  of  its  requiring  a  longer  time  to  heat, 
the  outside  gets  burnt  before  the  interior  is  brought  to  a  welding  heat ; 
the  manufactured  iron  consequently  is  not  equal  to  that  produced  with  a 
larger  pile — it  is  rarely  sound  in  the  centre,  and  its  tensile  strength,  if 
tested,  will  be  found  to  have  suffered  by  the  over-heating  of  the  external 
parts. 

In  the  manufacture  of  large  bolts,  the  pile  is  sometimes  made  of  a 
number  of  bars  of  a  wedge-like  section  arranged  radially  around  a  central 
bar,  forming  a  cylinder,  kept  together  by  thin  iron  bands.  This  is  heated 
in  the  balling  furnace  and  rolled  into  a  bolt  of  the  desired  diameter  and 
length.  By  some  mechanical  engineers  .this  mode  of  piling  is  supposed  to 
ensure  a  more  solid  bolt  than  the  ordinary  rectangular  pile  of  flat  bars.  In 
practice,  however,  we  find  it  difficult  to  produ<#  a  sound  bar  from  a  pile 
of  this  kind.  Since  the  centre  bar  can  only  receive  its  heat  by  conduction 
from  the  radial  bars,  it  cannot  reach  a  welding  heat  till  long  after  the 
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outer  parts,  and  the  pile  is  generally  drawn  before  the  centre  has  arrived  at 
a  proper  temperature.  The  result  is  that  in  pas^ng  through  the  rolls  the 
radial  bars  are  firmly  welded  to  each  other  at  their  circumference,  but  very 
rarely  throughout  their  entire  depth ;  the  central  bar  is  elongated  with  the 
rest,  but  is  not  welded  to  them.  Having  watched  the  manufacture  and 
subsequent  working  of  several  large  bars  on  this  plan,  in  no  instance  when 
the  iron  came  into  the  smith's  hands  did  we  find  the  centre  welded  to  the 
exterior  bars.  In  a  shaft  so  made,  a  severe  twist  disconnected  the  piece 
and  displayed  the  centre  bar  detached  from  the  other  part.  For  piston 
rods  and  other  purposes  where  the  tensile  strength  alone  is  brought  into 
use,  the  imperfect  weld  is  not  generally  noticed;  but  in  four  piston  rods 
which  broke  imder  our  immediate  observation,  the  separate  existence  of 
the  centre  bar  was  evident. 

In  piling,  care  should  be  taken  to  have  the  various  pieces  forming  the 
pile  of  the  same  thickness  as  nearly  as  may  be  practicable.  If  they  differ 
greatly,  both  the  risk  of  unsoundness  and  the  loss  of  iron  during  the  heat- 
ing will  be  increased.  The  thinnest  pieces  are  hot  first,  and  if  the  pile  is 
drawn  at  once  the  weld  with  the  thick  bars  is  iBrely  sound.  On  the 
other  hand,  if  the  pile  is  retaixied  in  the  furnace  until  the  thick 
pieces  are  properly  heated,  the  thinner  are  over-heated,  deprived  of 
the  protecting  cinder,  and  weld  with  difficulty.  Sufficient  attention 
is  seldom  paid  to  this  point  in  the  manufacture  of  railway  and 
other  bars.  We  consider  it  to  be  the  cause  of '  more  than  one 
half  of  the  lamination  observable  in  our  railway  iron.  Our  opinion  is 
founded  on  the  wear  of  rails  which  were  manufactured  from  various  quali- 
ties of  iron,  and  rolled  in  different  ways,  and  afterwards  subjected  to  very 
heavy  traffic  under  our  immediate  observation.  By  experiments  on  a 
large  number  of  railway  bars,  piled  in  various  ways,  we  found  that  in 
more  than  two-thirds  of  them  the  weld  of  pieces  above  the  medium  size 
was  imperfect.  It  is  not  just  to  blame  the  manufacturer  for  this  imperfect 
weld  under  the  present  system  of  defining  in  the  specification  the  sizes  of 
the  iron.  It  is  scarcely  possible  to  produce  a  sound  rail  when  bars  of  very 
different  thicknesses  are  required  to  be  used. 

By  repeated  trials  we  have  found  that  to  heat  a  pile  6  inches  thick, 
composed  of  2  widths  and  10  thicknesses  of  puddle  iron,  8  inches  by  f 
inch,  in  an  ordinary  balling  furnace  so  that  the  whole  was  brought  to  a 
welding  heat,  required  on  an  average  fifty-two  minutes.  We  further 
ascertained  that  to  heat  a  pile  of  a  single  width  of  puddle  bars  in  the  same 
furnace  and  exposed  to  a  similar  temperature  required  twenty-seven  min- 
utes, and  smaller  sizes  in  the  same  proportion.    By  these  and  other  experi- 
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inentB,  we  ascertained  that  the  time  required  for  heating  a  pile  or  mass  of 
iron  was  nearly  in  the  same  ratio  as  its  thickness.  Hence  the  necessity  for 
building  the  pile  of  pieces  of  the  same  thickness.  In  a  smith's  fire,  or  in  a 
forge  working  on  uses  the  difference  in  the  thickness  of  pieces  of  iron  to  be 
welded  together  is  allowed  for  by  partially  heating  the  thicker  piece  be- 
fore the  other  is  charged ;  a  mode  of  working  inapplicable  to  the  rapid 
rate  of  execution  practised  in  rolling  mills. 

For  some  kinds  of  iron  faggoted  piles  are  employed ;  these  are  formed 
in  different  ways,  often  by  making  a  box  pile  of  iron  plates  and  filling  the 
interior  with  clippings  of  plates,  old  chains,  or  other  scraps.  They  are 
heated  and  then  rolled,  or  what  is  preferable,  hammered  well  under  a 
iieavy  hammer,  and  reheated  before  being  rolled.  Hammering  improyes 
the  quality  of  scrap  iron. 

Angle  iron,  tramplates,  and  T  iron,  are  usually  rolled  from  piles  having 
a  portion  of  the  puddle  bars  (or  No.  2  iron  if  for  best  qualities)  cut  into 
short  lengths,  and  laid  across  the  pile.  If  for  angle  iron  the  top  and  bot- 
tom pieces  are  laid  longitudinally,  and  the  centre  of  the  pile  built  of  layers 
of  transverse  and  longitudinal  bars  alternately.  The  power  of  the  iron  to 
resist  a  lateral  strain  is  increased  by  cross-piling,  and  its  structure  is  ren- 
dered more  homogeneous. 

Bars  for  manufacture  into  tin  plates  are  required  to  be  of  good  quality, 
fieldom  under  best  cable ;  the  piles  are  usually  made  as  for  ordinary  bars, 
but  some  manufacturers  require  them  to  be  built  with  layers  of  bars  laid 
crosswise.  Plate  iron  which  is  to  be  manufactured  into  hollow  ware  and 
Birmingham  -  goods,  known  by  the  rollers  as  ^^  blackplate,"  is  piled  in  a 
similar  manner.  Large  quantities  of  tinned  iron  plates  have  been  made 
from  rail  ends  and  mill  crops,  but  such  plates  cannot  be  moulded  into  the 
more  intricate  forms  of  tinware. 

Boiler  plates,  if  manufactured  of  best  iron,  are  invariably  rolled  from 
piles  having  alternate  layers  laid  crosswise.  A  cheaper  method  is  now 
extensively  adopted :  it  consists  in  hammering  two  blooms  together  and 
rolling  them  direct  into  a  plate.  As  the  blooms  are  void  of  fibre,  the  ex- 
tension in  both  directions  in  rolling  results  in  the  production  of  a  plate 
equally  strong  in  either  direction.  The  quality,  however,  is  no  higher 
than  Ko.  2  iron.  For  boiler  plate,  it  is  impossible  to  exercise  too  much 
care  in  the  selection  of  the  crude  iron,  as  well  as  in  the  subsequent  stages 
of  the  manufacture. 

We  are  of  opinion  that  cross-piling  to  a  greater  or  less  extent  is  advan- 
tageous in  the  manufacture  of  railway  bars.  In  some  experimental  trials 
made  with  bai*s  rolled  from  piles  having  one  or  more  cross  layers  the  stiff- 
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ness 'Tras  inateriaUy  inin'eased,  and  ihe  oxietal  when  broken  for  exammap 
tion,  had  the  appearance  of  ca6t«6teeL  By  attention  to  the  poeition  of  the 
cross  pieces  .in  the  pole,  rails  were  made  from  a  single  qualitj  <^  iron,  on 
one  Iside  soft  and  porons,  while  the  other,  side  was  hard^and  cryBtalline. 


MILL  HAHMEB8. 

Hammering  dertainly  improves  the  qttality  of  har  ironi  The  rapid 
consolidation  under  the  blows  of  a  heavy  mill  hammer  expds  the  lander 
while  the  iron  is  at  a  sufficiently  liigh  temperature  to  permit  its  eseape. 
If  the  hammering  be  omittdd,  the  pressure  exerted  on  the  pile  in  rolling 
forces  out  a  portion,  but  in  consequence  of  the  reduction  of  temperature  in 
the  last  grooves,  the  remaining  cinder  is  wrapped  up  in  the  iron.  Ham- 
mered iron  is  more  homogeneous,  has  a  greater  specific  gravity,  and  is 
superior  in  point  of  strength.  In  the  manufacture  of  the  best  qualities  of 
iron,  this  operation  should  never  be  omitted; 

The  mill  hammer  (PI.  LXIY.)  is  very  rimilar  to  the  forge  hammer,  but 
for  a  mill  working  the  larger  sizes  of  bars,  the  helve  weighi^  from  Y  to  8 
tons.  The  hammers-face^  which  is  cast' fast  to  the  helve,  measures  4  feet  by 
18  inches ;  the  anvil-face  is  made  4  feet  by  2  feet.  With  the  heavy  gear- 
ing necessary,  the  mill  hammer  and  connexicois  will  weigh  nearly  sixty 
ton&.  The  pile  reeeiveBtfrom:  12  to  20  blows,  occupying  from  10  to  18 
seconds. 

The  steam  hammer  has  been  employed  in  somemills,  but  for  the  iron- 
master's purposes;  it  possesses  no  supetiority  over  the  common  hammer. 
Where  a  great  range  in  the  force  of  the  blow  isrequired,  the  steam  ham- 
mer stands  umrivfldled;  but  m  manufacturing  bar  iron  the  blooms  are 
required  to  be  hammered  with  the  same  force  throughout.  Hence  the 
steam  hammer  is  comparatively  little  used' in  the  manufacture ;  it  is  fonnd 
that  bt  mill  hammer:  icosting.  jonly>one-fifth  or  sixth  a?  muclw  is  equally 
efficient. 

SOLLIKG  BABS. 

The  train  of  mill. rolls  for  large  iron  ccmsists  of  two  pairs ^;  one  for 
roughing,  about  6  fe^t  6  inches  long  by  22  inches  diameter ;  the  other  for 
finishing,  about  3  feet  6  inches  long  by  IS  inches  diameter*  The  stand- 
ards, spindles,  and  connexions,  require  to  be  as  strong  as  those  ^  the 
puddling  train.  The  finishing  roll  standards  are  fumished  with  several 
adjusting  and  tightening  screws  for  setting  and  maintaining  the  rolls  in 
their  position.    Motion  is  communicated  to  the  finishing  rolls  by  a  pair  of 


pinions  and  leading'  tfandletf ;  front  the  ibottom  fioifihingDoU  a  coupling 
spindle  eommunicatea  motion  to  the  bottom  Yonghing  roll,  and  by  nuts 
keyed  on  the  ends  of  the  pair  to  the  top  roughing  roll.  Driving  the  rough* 
ing  rolls  by  ocnmexion  with  the  J[>ottom  finishing  roll  only,  permits  of 
larger  roughing  ix^  being  nsediat.any  time,  an  .adTantage  in  rolling  large 
orders* 

Railway  bars  are  rolled  with  rolls  hayii^  flat  and  edge  grooyes  alter- 
nately. The  pile  is  first  passed*  with  the  bars  <tf  which  it  is  built  on  their 
flat ;  in  the  next  the  pile  is  turned  on  its  side  and  passed  through  with  the 
bars  edgeways.  The  first  four  or  five. grooves  are  fiat-bottomed,  diminish- 
ing slightly  in  width  as  they  deepen,  that  the  pile  may  freely  deliver  itself 
during  rolling.  The  sides  and  bottom  are  notched  to  catch  the  iron ;  but 
if  large  rolls  are  used,  the  neeessily  for  notching«--an  operation  on  the  rolls 
whieh  should  at  all  times  be*  avoided-4s  mucb  reduced.  For  the  ready 
admislBion  of  the  pile^caare  is  taken  in*  turning  the  roUs  that*  the  width  of 
the  first  groove  is  greater  than  the  width  of  the  pile ;  and  that  in  the  sue- 
ceeding  grooves  the  breadth  is  not  less  than  the  height  of  the  groove 
through  which,  the  pile  has  just  passed.  The  flat  and  edge  system  of 
rolling  is  probably  the  most  expeditious  mode  that  can  be  adopted.  The 
pile  requires  less  handling  by  the  roughers,  is  lifted  more  readily  by  the 
hookers,  and  at  all  times  lies  flat  on  the  rollers  of  the  rest.  Diamond- 
shaped  grooves  were  formerly  much  used  in  rail  rolling,  and  the  gothic 
form  was  also  used^  but  to  a  less  ext«at.t 

Merchant  bars  are  JoUed  with  roughing  rolls  having  flat  and  edge 
grooves,  but  the  diamond  or.  the  gothic  form  produces  a  superior  bar.  The 
first  is  usually,  a  fiat-bottomed  groove  followed  by  others  of  a  diamond  or 
a  gothic  section.  'Grooves  of  the  last  named  form  are  deemed  superior, 
and  are  genisraUy  used  in  roughing  roUs  for  both  li^t  and  heavy  merchant 
bars.  Bolts  cannot  well  be  roUed.without  the  gothic  grooves.  In  their 
formation  the  same  principle  is  followed  as  in  the  flat  and  edge^-^the 
breadth  of  a  groove  is  made  greater  than  the  height  of  the  .preceding 
one. 

In  the  rroghing  roUs  of  the  guide  train,  flat,  gothic,  and  diamond 
grooves  appear  on  the  same  roll,  and  frequently  olha:^  of  an  oval  section 
are  added.  The  billet  or  pile  to  be  rolled  and  the  class  of  order  in  hand 
determine  the  kind  of  grooves  to  be  used. 

The  finishing  rolls  of  a  rail  train  are  turned  with  five  or  six  grooves, 
the  smallest  or  finishing  groove  being  the  section  of  the  rail  when  hot. 
The  allowance  to  be  made  for  contraction  in  cooling  depends  on  the  rate 
of  working,  and  the  local  character  of  the  iron ;  from  >V^  ^  A^  ^^  s^* 


IIANUFACTUBE   OF   IBON. 

cient  with  iron  from  argillaceouB  ironstone,  the  rolls  making  85  to  90  revo- 
tations  per  minute.  Flange  rails  are  certainly  the  most  difficult  of  manu- 
facture. 

Finishing  rolls  for  flat  bars  are  made  with  flat-bottomed  grooTes,  but 
from  the  necessity  of  delivering  the  iron  freely  their  sides  are  not  parallel 
— the  bottom  of  the  grooves  is  narrower  than  the  top.  In  consequence  of 
this  tapering  form,  the  sides  of  the  flnished  bar  are  not  perfectly  square. 
The  deviation  from  a  right  angle  is  diminished  by  reversing  the  bar  and 
passing  it  through  with  the  upper  side,  the  widest,  down  in  the  bottom  of 
the  groove.  In  thin  bars  this  defect  in  form  is  scarcely  perceptible,  but 
in  the  thickest  it  is  very  apparent. 

Square  bars  are  produced  with  rolls  having  diamond-shaped  grooves 
sunk  on  their  surface.  At  the  bottom  the  two  sides  of  the  groove  form  a 
right  angle — continuing  so  for  about  half  the  depth,  when  they  spread  out 
from  ^^th  to  ^Vth  of  the  diameter  of  the  bar,  across  the  angles.  In  the 
coDstruction  of  the  flnishing  rolls  for  square  bars  the  same  principle  is  fol- 
lowed as  in  the  formation  of  the  gothic  grooved  roughing  rolls,  the  depth 
of  the  hole  formed  by  the  junction  of  the  rolls  being  less  than  the  width 
of  the  succeeding  smaller  hole.  This,  in  short,  may  be  stated  to  be  a  fun- 
damental principle  of  rolling.  The  breadth  of  the  groove  is  at  all  times  in 
excess  of  its  depth ;  if  the  two  dimensions  were  equal  it  would  be  impossi- 
ble to  reduce  the  pile  as  is  now  done  from  a  square  of  6  inches  to  one  of  3 
inches.  To  arrive  at  the  reduced  dimension  the  pile  is  passed  in  successicm 
through  a  number  of  grooves  each  of  a  sectional  area  less  than  the  pre- 
ceding, but  of  less  dimensions  in  one  direction  only.  The  rolls  compress 
the  iron  only  in  a  vertical  direction ;  they  exercise  no  power  laterally,  con- 
sequently the  reduction  is  thrown  on  the  bottom  of  the  groove.  At  each 
rolling  the  depth  of  the  pile  is  diminished,  and  in  order  that  the  iron  may 
be  compressed  every  way,  the  pile  is  turned  partly  round  at  each  succeed- 
ing groove  so  that  the  horizontal  becomes  the  vertical  dimension,  on  which 
the  pressure  acts.  The  difference  in  section  between  successive  grooves  is 
technically  termed  the  "  draught." 

In  rolling  squares  the  bar  is  passed  through  two  or  three  grooves  in  the 
finishing  rolls  gradually  diminishing  in  size  before  entering  the  last.  A 
portion  of  the  reduction  is  effected  in  the  finishing  rolls,  the  bar  in  each 
succeeding  groove  being  turned  over  one  side  of  the  square ;  through  the 
last  groove  the  bar  is  passed  two  or  three  times,  turned  a  quarter  round  at 
each  time  in  order  to  ensure  a  perfectly  square  bar.  If  passed  through  only 
once,  as  in  the  previous  grooves,  the  finished  bar  would  possess  nearly  the 
same  section  as  the  groove,  which  is  of  a  diamond  form. 
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Large  bolts  are  rolled  with  grooves  approaching  a  semicircular  section. 
At  tlie  bottom  they  are  formed  to  the  radius  of  the  bar  which  they  are 
intended  to  produce ;  at  the  surface  of  the  roll  the  width  is  increased  from 
1^7 th  to  an  {th  over  that  due  to  the  diameter  of  the  bar ;  the  horizontal 
extension  of  the  grooves  being  nearly  similar  to  that  in  rolls  for  square  and 
gothic  bars.  The  rolling  of  bolts  of  a  large  size  is  probably  one  of  the 
most  laborious  operations  connected  with  the  rolling  of  iron.  The  bar  is 
passed  five  or  six  times^  through  the  last  groove  to  produce  the  requisite 
section.  The  lateral  extension  of  the  grooves  produces  an  oval  bar,  which 
is  placed  in  the  finishing  groove  with  its  largest  diameter  vertically.  It 
has  a  strong  tendency  during  the  rolling  to  turn  on  its  axis  to  the  horizon- 
tal position ;  and  to  prevent  this  the  end  is  tightly  grasped  with  several 
pairs  of  heavy  tongs  held  by  the  roller  and  his  assistants,  and  maintained 
in  the  vertical  position  until  it  has  passed  nearly  through  the  mill,  when  it 
is  released.  In  the  next  rolling  it  is  turned  partly  round,  still  further  to 
reduce  the  inequality  in  its  diameter  caused  by  the  peculiar  form  of  the 
groove.  This  rolling  through  the  last  groove  is  repeated  until  it  is  ascer- 
tained by  a  gauge  that  the  bolt  is  of  a  truly  cylindrical  form  throughout. 

The  smaller  bolts  are  produced  in  a  different  manner.  The  iron  is  re- 
duced by  passing  through  a  series  of  diamond  and  oval  grooves  until  of  an 
oval  form,  equal  in  sectional  area  to  that  of  the  bolt  to  be  produced. 
Grooves  of  a  semicircular  section  are  turned  in  the  surface  of  the  finishing 
rolls  forming  when  combined  a  circular  hole.  The  bar  is  inserted  between 
iron  guides,  which  maintain  it  in  the  vertical  position  while  the  rolls  vio- 
lently compress  the  iron  to  the  cylindrical  form,  no  further  rolling  being 
required.  (PI.  LXXIII.)  Great  nicety  is  required  in  proportioning  the 
oval  to  the  circular  groove.  If  the  area  of  the  former  be  in  excess  of  the 
latter,  the  iron  is  forced  out  at  the  junction  of  the  rolls,  forming  a  fin  at 
each  side  of  the  bar.  On  the  other  hand,  if  it  be  inferior  in  section  the 
iron  when  compressed  will  not  fill  up  to  complete  the  circle. 

Guide  rolling  appears  to  be  confined  to  the  manufacture  of  bolts  under 
five-eighths  of  an  inch  diameter ;  for  larger  sizes  it  is  rarely  used.  The 
great  alteration  of  section  effected  at  once  when  the  iron  is  comparatively 
cold  doubtless  deteriorates  the  quality.  It  is  only  superior  iron  that  can 
successfully  stand  under  the  crushing  action  of  the  rolls  in  reducing  the  oval 
to  the  circular  section.  Inferior  iron  rolled  with  guides  into  inch  bolts  is 
deemed  greatly  inferior  in  quality  to  that  rolled  in  the  ordinary  way  by  hand. 

Small  merchant  bars  are  usually  rolled  of  a  great  length  where  a  suffi- 
ciency of  power  exists  for  the  purpose.  Formerly  20  feet  was  considered 
sufficient,  but  now  50  feet  is  not  an  unusual  length.    The  bar  is  subse- 
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qneo^tly^cat  into  :tiro  or  tiiaree  .pieces.  The  jroUiiig  of  long  bars  k  adran- 
tageoos  in.  many  jespects :  the  yield  is  better^  the  loss  from  €9x>p  ^ids  is 
less  as  the  leoglh  is  augmented ;  the  make  is  ineroased^  while .  the  labour 
expended  remains  nearly  vthe  same. 

The  diameter  of  the  top  rc^  for  sijuares  and^boillais  greater  than  that 
of  the  bottota  roll  in  the  proportion  of  61  to  60.  This  larger,  diameter  of 
the  top  roll  is  necessary  tO' throw  the  iron  down  on  the  guides^  The  num- 
ber of  reYolotions  per  minute  being  the  aaine,  ,the  circumference  of  the 
upper  roll  travels  over  a  greater  dista2ice.in  the  same  time.  This  tends  to 
deflect  the  point  of  the  bar.  In  the  roughing  rolls  the  diameter  of  the  top 
to  that  of  the  bottom  one  Iff  as  61  to  50.  EoUs  lor  flat  bars  are  turned 
with  a  similar  difference  in  their  diameters,  the  measusement  being  taken 
at  the  portion  of :  the  roll  which  compresses  the  iron.  In  the  turning  of 
rail  rolls  the  increase  is  made  on  the  mean  diameter  of  the  roll  at  the 
working  surface. 

The  speed  of  the  mill  rolls  varies  greatly  in  the  different  ironrmaking 
districts.  The. English  mills  are  driven  at  amucji  slower  rate  than  the 
Welsh.  In  Staffordshire  and  Yorkshire  60  revolutions  p^  minute  may 
be  considered  the  maximum  velocity  at  the  rail  and  large  .mills. .  In  Wales 
very  few  of  the  mills  are  driven  at  a  less  speed  than  70  r^evolutions  per 
minute,  while  the  majority  are  kept  running  at  from  100  to  110.  At  the 
latter  speeds  the  circumferenee  of  the  rolls  travels  from  &15  to  576  feet 
per  minute.  '  But;  when  they  are  rolling  large  bolts  the  speed  is  reduced. 
While  the  bar  is  in  the  finishing  rolls  the  speed  is  less  than  one4ialf  of  that 
for  rolling  rails.  The  smaller  merchant-iron  mills,  having  .12-inch  rolls, 
are  driven  from  110  to  130  revolutions  per  minute,  or  from  346  to  408 
feet.  Guide  rolls  8  inches  diameter^  220  to  280  revolutions,  or  460  to  586 
feet  per  minute.  .  ■. 

The  character  of  the  iron'  is  to  be  taken  into  consideration  in  setting 
the  speed  of  the  rolls.  If  it  be  of  a  red  short  nature  a  maximum  velocity 
is  necessary  in  order  to  produce  flange  rails  sound  on  the  surface;  bat  if 
cold  short,  a  reduced  velocity  may  be  used.  In  Wales,  at  those,  woiks 
where  boiling  the  pig-iron  is  largely  practised,  and  the  red  short  tendency 
of  the  iron  is  further  heightened  by  a  double  heating,  the  rolls  are  driven 
at  the  highest  practicable  working  speed.  In  rail  mills,  as  at  present  con- 
structed, there  is  a  limit  to  the  speed  attainable ;  if  it  be  exceeded,  the 
time  lost  by  the  roughers  and  roller  in  seizing  the  bar  is  more  than  that 
saved  by  the  higher  velocity.  As  a  general  rule  inferior  qualities  of  iron 
work  best  with  a  high  speed ;  at  low  speeds  they  are  seldom  worked  suc- 
cessfully.    Superior  qualities,  however,  may  be  advantageously  wojHced 
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hoih  ftt  high  and  low  speeds.  *  We  hare  seen  excdlent  cable  iron  rolled  at 
35  rev^olatioBB  per  minute.;  and  45  to  SO  revolations  is  about  the  average 
speed  at  mills  working  entirelj  on  the  best  qualities  of  iron. 

In  oTdinary  ^mills  the  rolls  are  driven  constantly  in  the  same  direction, 
the  bar  being  lifted  over  the  top  roll  back  to  the  roller  to  enter  the  next 
groove.  Jk  few  instances  have  occurred  where  the  motion  of  the  rolls  has 
been  reversed,  and  the  bar  passed  back  through  the  rolls  in  the  succeeding 
groove.  The  advantages  which  result  from  the  reversmg  motion  are  not 
veiy  'SL'ppATexd.  It  is  applicable  only  to  mills  running  at  a  very  slow  speed. 
Hie^sudden  reversal  of  those  driven  at  100  revolutions  would  be  quite  im- 
practicable. It  is  ■&'  question  if  the  time  lost  in  the  reversing  is  not  equal, 
ev^n'  if  it^does  not  exceed,  that  lost  in  passing  the  bar  back  over  the  roll. 
The  number  of  men  employed  at  a  train  is  iucreased  rather  than  dimin- 
ished, while  first  cost  and  the  liability  toi  accident  ore  increased  by  the  ad- 
ditional ispuitigearing  required. 

From  Aei  miH  rolls  the  bar  is  takien  ^ to  the  cropping  shears  (PI. 
LXXIX.;iFig&  >315,  846),  or,  if  the  ^id  is  to  be  perfectly  square,  to  the 
eizeularsaww  i(Pls^  LXXYIL,  LXXYIII.)  <  Hie  cropping  shears  are  usu- 
ally employed  in  cutting  mill  bars  and  small  merchant-iron,  but  for  the 
larger  bolts  and  squares,  £or  the  heavier  description  (^  n^rohant  bars,  and 
for  Tailway  bars,'  tlie  saw  is  now  invariably  employed.  The  strain  in 
shearing  small  rods  while  they  are  hot  from  the  rolls  is  not  great,  and  is 
frequently  ^^(erformed  by  light  hand^shears  made  principally  of  wrought 
iron.  •  Larger  sizes  require  stronger  shears— those  for  mill  bars  and  the 
general  run  of  merchant-iron  weigh  about  3  tons.  They  are  furnished 
with  steel  knives  from  12  to  16  inches  long;  the  heat  of  the  bars  sevens 
the  steel  and  renders  it  neeessaiy  to  change  them  every  few  hours.  The 
knives  for  bolts  and  squares  are  provided  with  semicircular  and  triangular 
notches  to  receive  the  bar;  without  this  provision  the  end  of  the  soft  bar 
would  be  flattened  by  the  pressure  of  shearing.  Heavier  shears  still  are 
required  for  cold  shearing.  The  quality  of  the  iron  is  more  apparent  and 
the  cut  ^cleaner  when  performed  on  the  cold  bar  with  sharp  knives.  The 
heavy  cropping  shears^  dapable  of  shearing  cold  iron  6  inches  by  1  inch, 
weigh  with  their  connexions  from  15  to  20  tons. 

The  'employment 'Of  saws  dates  from  a  comparatively  recent  period.  In 
the  manufacture  of  railway  bars  the  necessity  of  an  apparatus  for  cutting 
the  ends  pei:;fectly  square  soon  became  very  apparent.  The  circular  saw 
for  cutting  iron  bars  is  made  either  of  steel  or  wrought-iron  plates  about 
one-tenth  of  an  inch  thiek,  and  3  feet  6  inches  to  4  feet  6  inches  diameter. 
(Pis.  LXXyn.,  LXXVIII.,  Figs.  538— 53T.)    It  is  mounted  on  an  iron 
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spindle  and  stiffened  for  the  major  part  of  the  diameter  by  stont  iron 
plates.  A  saw-bench,  with  friction  rollers,  stops,  and  adjusting  screws, 
and  slides  for  moving  it  backwards  and  forwards,  is  fixed  in  a  line  parallel 
to  that  of  the  axis  of  the  saw.  Its  upper  surface  is  level  with  the  mill 
floor,  and  2.  inches  distant  from  the  lower  edge  of  the  saw.  The  saws  are 
driven  at  a  high  velocity  by  belts  and  spur  gearing  from  the  engina  A 
speed  of  1300  revolutions  per  minute  is  not  too  great.  In  Staffordshire  a 
single  bench,  with  a  saw  at  each  end,  and  cutting  both  ends  of  the  bar 
simultaneously,  is  very  generally  used.  In  the  Welsh  mills  two  saws  are 
mounted  on  a  spindle  about  4  feet  long,  and  a  bench  provided  at  the  out- 
side of  each.  The  axis  of  the  saw  is  placed  at  right  angles  to  the  centre 
line  of  the  rolls,  and  the  nearest  bench  is  usually  placed  at  a  distance  of  25 
or  30  feet  from  them,  in  a  line  with  the  finishing  groove.  The  bar  having 
been  drawn  from  the  roll  on  to  the  first  bench,  with  one  end  projecting 
beyond  the  inside  saw,  is  held  in  its  position  by  a  stop,  the  bench  is  moved 
laterally  until  the  saw  has  completely  severed  the  projecting  end,  when  it 
is  drawn  back  sufficiently  to  allow  the  bar  to  be  moved  lengthways  on  to 
the  further  bench,  which  is  provided  with  an  apparatus  for  adjusting  the 
length.  The  movement  of  the  outer  bench  against  its  saw  completes  the 
cutting  of  the  bar,  which  is  then  withdrawn  to  the  hot  filer. 

In  the  cutting  of  some  rails  great  nicety  is  required  in  the  length,  and 
allowance  has  to  be  made  for  the  contraction  of  the  iron  in  cooling.  If  the 
bars  were  cut  at  one  uniform  temperature  the  allowance  for  contraction 
could  readily  be  ascertained,  but  from  the  different  temperatures  at  which 
they  are  cut,  provision  has  to  be  made  in  the  screw  stop  for  frequent  small 
variations.  With  two  benches  outside  the  saws  great  nicety  may  be  ob- 
tained in  the  cutting  to  length.  With  the  single  bench  between  the  saws, 
cutting  both  ends  at  one  movement,  the  same  exactitude  of  adjustment 
cannot  be  obtained ;  and  if  cut  singly  the  absence  of  the  fixed  screw  stop 
for  adjustment  causes  much  uncertainty. 

Saws  worked  by  an  emission  engine  on  the  same  spindle  have  been 
erected,  and,  under  certain  circumstances,  are  superior  to  those  driven  by 
belt  and  gearing.  Where  the  saws  are  constantly  at  work  the  latt^  mode 
of  driving  is  preferable,  though  expensive,  if  they  are  situated  far  from  the 
engine ;  but  where  they  are  only  occasionally  used  the  ordinary  steam  saw 
is  probably  the  cheapest.  It  can  be  erected  at  a  comparatively  trifling  ex- 
pense at  a  considerable  distance  from  the  boiler.  In  the  one,  heavy  shaft- 
ing has  to  be  maintained  in  motion  through  the  day,  consuming  power 
and  stores ;  in  the  other,  the  steam  is  thrown  on  only  when  required.  But 
during  the  time  it  is  in  operation  the  consumption  of  power  by  the  steam 
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saw,  measured  hy  the  steam  used,  is  immensely  greater  than  by  the  saw 
driven  by  belts  and  gearing :  so  much  so  that  its  greater  consumption  of 
steam,  when  working  continuously,  more  than  counterbalances  its  low  first 
cost. 

If  the  benches  are  good,  working  freely  and  steadily,  and  the  saws  are 
truly  set,  revolving  at  a  high  speed,  the  end  of  the  rail  when  steadily  and 
slowly  cut,  will  have  a  polish  equal  to  that  produced  by  a  smooth  file. 
With  less  efficient  benches,  saws  out  of  truth,  and  too  rapid  work,  the 
ends  will  be  rough  and  serrated.  Grinding  has  then  to  be  employed  to 
obtain  the  desired  finish. 

The  saws  are  cut  with  very  coarse  teeth  on  their  edge,  which  are  sharp- 
ened after  twelve  or  twenty-four  hours'  work,  according  to  the  number  of 
cuts  made  in  the  day.  Steel  saws  will  cut  from  600  to  700  bars  before 
sharpening,  but  iron  saws  will  not  cut  more  than  the  half  of  this  number. 
To  keep  the  teeth  from  being  softened  by  the  heat,  the  lower  edge  of  the 
saw  dips  in  a  bosh  containing  cold  water  when  working.  Files  are  some- 
times used  for  sharpening,  but  when  several  saws  are  at  work  a  more  ex- 
peditious mode  consists  in  punching  out  a  triangular  piece  with  a  powerful 
press.  The  saw  is  placed  on  a  revolving  table,  level  with  the  top  of  the 
die  block  ;•  the  table  is  furnished  with  an  adjusting  screw  by  which  the 
circumference  of  the  saw  is  brought  into  the  required  position  with  the 
punch.  This  done,  the  operation  of  sharpening  is  very  simple,  the  saw  is 
carefully  turned  round  by  hand  the  breadth  of  a  tooth  at  each  stroke 
of  the  punch.  The  punch  shears  off  at  one  cut  what  tJie  file  does  in  ten  or 
twelve,  but  care  should  be  taken  that  the  saw  is  not  advanced  so  near  to 
the  punch  lihat  it  should  cut  away  more  than  is  necessary  to  restore  the 
original  angle  of  the  tooth. 

Cutting  with  the  cleft  and  sledge  is  still  practised  to  a  limited  extent.. 
The  end  of  the  bar  is  brought  to  a  red  heat,  and  placed  in  a  heavy  block 
cast  with  the  half  profile  of  the  section  at  the  bottom  of  a  slot ;  a  loose 
piece  with  the  remainder  of  the  profile  on  its  under  surface  is  placed  on  it 
and  keyed  down  tightly  on  the  bar.  When  thus  held  firmly,  with  the 
cast-iron  in  close  contact  with  the  rail  at  the  line  of  separation,  the  cutting 
may  be  performed  with  considerable  neatness. 

Bails  are  also  cut  cold  by  powerful  vertical  shears,  a  very  complete 

•  _  

specimen  of  which  may  be  seen  at  the  Cyfarthfa  works.  The  block  carry- 
ing the  cutting  knife  is  actuated  by  a  cam  shaft  revolving  at  a  height  of  7 
or  8  feet  from  the  floor,  and  slides  between  planed  guides  set  vertically  in 
the  side  frames.  The  fixed  knife  or  die-block  is  bolted  fast  to  the  bottom 
framing  by  countersunk  pins ;  an  opening  of  the  precise  form  of  the  sec- 
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tion  of  the  rail  is  made  in  its  eentre  ta  sectn^  the  end  of  the  bar  to  he  cut. 
The  rail  is  placed  on  roll^«  on  a  turn-table  level  with  the  opening  in  the 
die-^block,  and  its  end  put  throngh,  when  the  vertical :  block  and  knife  in 
its  descent  shears  it  off.  The  first  cnt  is  seldom  clean.  To  regulate  the 
thickness  of  the  succeeding  cuts  a  screw-adjusting  appacatas  is  provided  at 
the  rear,  by  which  the  quantity  taken  off  and  the  poHsh  given  to  the  rail 
may  be  accurately  determined.  The  cold  ahearing  of  raila  is  adva&tageons 
in  one  respect ;  they  are  cut  at  the  same  temperature,  hence,  greater  accu- 
racy in  ihe  length  is  obtained. 

For  cutting  cobbles,  large  scraps  and  other  bars,  ofl  heavy  section,  a 
very  powerful  shears  is  constructed  with  an  eccentric  cam  at  foot.  (Pis.. 
LXXVTH.,  LXXIX.,  Fig«.  638—544.)  The  block  carrying  the  cutting 
knife  slides  v^Hically  in  gfiides ;  it  reftts  directly  on  the  cam,  and  is  eleva- 
ted by  it  at  ea<^  revolution.  In  the  heaviest  fihears  of  this  class  bars  5 
inches  square  are  cut  with  the  greatest  facility. 

The  crop  ends  of  the  rails  ao-e  sometimeB  reheated  and  wrought  into 
small  bars;  at  other  times  they  are  <:ombined  widi  puddle  iron^  which  has 
been  rolled  of  a  suitable  section,  and  remanufactnred  into  rails;  but  a 
difficulty  usually  arises  in  the  piling  from  <  their  irregular  section.  To  re- 
duce them  to  a  more  suitable  form  they  have  been  compressed  under  pow- 
erful squeezers,  or  passed  between  suitably  grooved  rolls  to  consolidate 
them,  or  passed  under  revolving  cutters^  by  which  the  prcgecting  flanges 
have  been  sheared  ofL  The  description  of  rail  end  to  be  wrought  should 
be  taken  into  consideration  in  selecting  the  apparatus;  in  each  case  the 
iteration  is  performed  while  they  are  yet  hot  from  the  saws.  Flange  rails 
are  wrought  most  advantageously  in  rolls,  having  such  grooves  that  by 
passing  through  three  or  four  the  flanges  are  turned  over  on  the  body  of 
the  rail  end,  which  is  then  of  a  form  favourable  for  piling.  For  bridge 
rails  the  cutters  appear  to  be  the  most  advantageous. .  These  are  made  of 
wrought-iron  and  steel  combined,  about  IB  inches  diameter,  driven  at  35 
to  40  revolutions  per  minute.  ^  The  rail  crop  is  inserted  in  the  guidesy 
dra^wn  forward  by  the  revolving  cutter  which  shears  the  flanges  from  the 
body^  In  piling  the  strips  of  flanges  are  placed  inside  the  rail^  fiUuig  up 
the  hollow,  or  they  may  be  piled  separately. 

PLATE  BOLUNG. 

The  rolling  of  boiler  plates  is  conducted  cm  different  principles  to  that 
of  bars.  The  plate  rolls  are  of  a  plain  cylindrical  form  of  the  same  diam- 
eter throughout,  and  to  increase  their  durability  are  invariably  cast  in 
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thick  iron  cIiillB,  by  which  the  Bnrface  of  the  metal  has  nearly  the  hard- 
ness and  brittleness  of  cast-steel.  The  standards  are  made  of  cast-iron, 
often  with  large  wrooght-iron  screws  reaching  np  through  them  from  the 
bottom,  and  provided  with  large  nuts  on  the  top  riders.  (PL  LXXVI., 
Figs.  612,  613.)  Levers  are  commonly  employed  to  balance  a  portion  of 
the  weight  and  to  lift  the  top  roll  completely  if  necessary. 

The  pile  for  plates  is  made  wider,  shorter,  and  generally  thinner  than 
the  piles  for  bars.  It  is  taken  to  the  heating  furnace  and  passed  sideways 
between  the  rolls,  then  endways,  changing  the  direction  at  each  rolling 
until  the  plate  is  reduced  to  nearly  the  desired  thickness  and  size,  when  it 
is  handed  over  to  the  finishing  rolls.  The  dimensions  and  thickness  are 
now  roughly  ascertained,  guided  by  which  the  roller  passes  it  between  the 
roUs  endways  or  sideways,  according  to  the  direction  in  which  the  greatest 
elongation  is  required,  taking  care,  however,  that  the  elongation  in  both 
directions  is  such  that  when  reduced  to  the  gauged  thickness  the  finished 
plate  may  be  sufficiently  large  to  cut  to  the  dimensions  ordered. 

In  making  the  best  boiler  plates  the  piling  and  rolling  require  to  be 
carefully  adjusted  to  each  other.  The  length  and  breadth  of  the  pile 
should  bear  the  same  proportion  to  each  other  as  the  like  dimensions  of 
the  plate  to  be  rolled.  The  bars  composing  the  pile  should  be  equally 
distributed,  across  and  along  the  pile.  If  care  be  now  taken  in  the  rolling 
the  plate  when  extended  to  its  full  dimensions  will  be  equally  strong  in 
every  direction. 

Boiler  plates  too  commonly  are  stronger  in  one  direction  than  anoth^. 
Experimfflits  have  been  made  to  determine  the  strength  of  boiler-plate 
iron,  and  a  considerable  difference  is  observable  between  the  weights 
necessary  to  pull  asunder  strips  cut  across,  and  those  cut  lengthways  of 
the  plate.  The  iron  has  the  least  strength  when  pulled  in  a  direction  at 
right  angles  to  the  greatest  distension  by  rolling.  Where  the  variation  in 
strength  is  considerable  it  is  conclusive  evidence  that  the  plate  has  been 
improperly  manufactured.  • 

In  a  published  account*  of  some  experiments  by  an  eminent  engineer, 
the  strength  of  the  plate  is  stated  to  have  been  greatest  when  pulled  at 
right  angles  to  the  grain  of  the  iron.  This  is  an  error,  and  probably  arose 
from  a  mistake  as  to  the  direction  of  the  grain.  A  mere  inspection  cannot 
determine  the  direction  of  the  grain  of  the  iron  in  boiler  plates.  The  form 
of  the  pile,  position  of  the  iron  in  it,  and  the  direction  of  extension  at  each 
successive  rolling  require  to  be  noted  during  the  manufacture,  otherwise 
we  are  unable  to  say  in  what  direction  the  grain  lies.    It  is  in  the  power 

*  Mechanic's  Magazine,  yoL  Ut. 
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of  the  roller  to  produce  from  a  given  pile,  plates  having  the  grain  of  the 
iron  at  right  angles  to  their  length  or  running  parallel  to  it.  He  can  also 
vary  the  direction  of  extension  so  as  to  produce  from  a  pile  built  with  the 
grain  of  the  iron  disposed  in  one  direction,  a  plate  void  of  fibre  and  equally 
strong  in  every  direction. 

Long  plates  for  ship^building  generally  have  the  grain  of  the  iron  run- 
ning with  the  length,  but  by  an  alteratiou  in  the  pile  they  may  be  rolled 
with  little  fibre  and  nearly  uniform  strength.  In  long  plates,  however,  it 
is  not  in  the  power  of  the  roller  to  change  the  direction  of  the  fibre.  The 
rolling  is  more  like  that  of  bars,  and  the  extensiou  is  greatest  longitu- 
dinally, hence  in  this  direction  the  fibre  will  lie.  If  piled  with  the  greater 
portion  of  the  iron  across  the  pile,  the  extension  of  these  pieces  laterally 
neutralises  the  tendency  to  form  fibre. 

Tinned  iron  plates  are  rolled  in  a  similar  manner,  and  the  same  atten- 
tion is  demanded  to  ensure  the  production  of  an  uniform  strength  and 
quality. 

FLUES,   DAMFEBS,  AND  BOILERS. 

Balling  and  puddling  furnaces  are  sometimes  built  with  dampers  at 
the  bottom  of  the  chimney  stack  (PI.  XLVIII.,  Fig.  279 ;  XUX.,  Fig. 
284).  When  in  a  vertical  position  the  damper  door  fills  up  the  opening 
in  the  brickwork,  leaving  an  imobstmcted  passage  for  the  draught ;  when 
let  down  it  rests  against  the  opposite  side  of  the  flue,  in  a  diagonal  direc- 
tion ;  it  completely  closes  the  flue  and  opens  the  portion  of  the  stack  above 
it  to  the  atmosphere.  The  damper  is  in  such  cases  placed  above  the  "  take 
up,"  immediately  on  the  iron  framing  under  the  brickwork  of  the  stack. 
In  width  it  is  about  one  inch  less  than  the  flue,  at  the  bottom  it  is  hinged 
to  a  smaU  frame  built  in  the  brickwork,  and  is  opened  and  dint  by  a  lever 
and  balance  weight.  The  back,  which  is  at  all  times  open  to  the  atmo- 
sphere, is  made  of  cast-iron,  protected  from  the  intense  heat  in  front  by  a 
cot^ng  of  fire-clay  adhering  to  spikes  cast  on  the  under  side  of  the 
damper. 

The  chief  objection  to  this  plan  of  damper  lies  in  the  cooling  of  the 
stack,  by  the  ascent  of  a  column  of  cold  air  when  the  draught  of  the  fur- 
nace is  shut  off.  The  stack  is  cooled  down,  and  on  again  opening  the 
damper  the  reduction  of  temperature  is  felt  in  the  inferior  draught,  a 
longer  time  is  required  for  bringing  the  heat  to  a  welding  point,  attended 
with  an  increased  consumption  of  coal  and  an  inferior  make  and  yield  of 
iron. 

The  economical  application  of  the  waste  heat  from  puddling  and  ball- 
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ing  furnaces  has  received  much  attention  from  ironmasters,  but  it  is  ques- 
tionable if  the  subject  is  rightly  understood  hj  the  majority  of  those  inter- 
ested. A  common  plan  of  economising  the  heat  is  to  place  a  vertical 
boiler  between  two  or  more  furnaces,  the  steam  being  generated  by  the 
heat  escaping  from  them.  In  other  establishments  a  powerful  chimney  is 
used  to  draw  down  the  products  of  combustion  from  four  or  iive  furnaces 
imder  a  large  boiler.  A  third  plan  is  to  form  the  lower  portion  of  the 
stack  into  a  small  vertical  boiler  and  central  flue,  fitted  with  safety  appa* 
ratos,  feed  and  steam-pipes. 

That  sufScient  steam  can  be  obtained  from  boilers  so  situated  to  work 
the  engine  without  the  aid  of  fire  for  the  purpose  is  well  known.  It  is  a 
question,  however,  whether  the  saving  in  engine  coal  is  not  balanced  by 
the  increased  consumption  of  furnace  coal.  On  two  occasions  experi- 
mental trials  were  made  at  the  Dowlais  works  with  boilers  attached  to 
heating  furnaces,  for  several  months  on  each  occasion.  The  results  with 
these  boilers  were  such  as  we  anticipated ;  the  weekly  make  of  the  fomace 
declined,  when  the  yield  of  iron  was  augmented.  The  consumption  of 
coal  in  the  furnace  grate  per  ton  of  iron  was  greater  than  was  formerly 
required  for  the  furnace  and  engine  together,  and  owing  to  the  longer 
time  occupied  in  the  heating,  and  the  inferior  temperature  attained,  the 
quality  of  the  iron  was  deteriorated. 

In  Staffordshire  and  Derbyshire  numbers  of  boilers  may  be  seen  at- 
tached to  the  old  furnaces,  but  it  is  a  significant  circumstance  that  in  no 
instance  did  we  see  them  applied  in  the  recently  erected  furnaces  in  the 
same  works.  Consequently  we  infer  that  they  are  not  found  so  economical 
as  is  generally  supposed. 

If  the  conditions  essential  to  the  successful  working  of  heating  furnaces 
be  considered,  the  impolicy  of  attaching  boilers  to  them  is  made  apparent. 
The  rapid  draught  necessary  to  the  production  of  an  intense  heat  can  be 
produced' only  by  a  chimney  stack  of  the  requisite  height,  maintained  at  a 
comparatively  high  temperature.  If  it  be  cold,  the  drawing  power  is  de- 
duced to  a  minimum ;  at  the  high  temperature  of  the  heating  furnace  it  is 
at  a  maximum.  Place  a  boiler  or  other  ready  conductor  of  heat  in  the 
stack,  and  the  temperature  is  reduced,  the  draught  lessened,  and  the  heat 
in  the  furnace  lowered.  If  the  boiler  be  placed  very  near  the  furnace,  say 
immediately  on  the  cast-iron  framing  of  the  stack,  the  temperature  of  the 
furnace  is  still  further  diminished.  By  the  quick  absorption  of  heat  so 
near  the  body  of  the  furnace,  the  temperature  necessary  for  working  the 
iron  is  maintained  with  difficulty.  Where  the  temperature  is  produced  by 
a  draught,  we  cannot  maintain  an  intense  heat  in  one  part  of  the  furnace 
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immediately  contigaons  to  another  part  comparativelj  cold.  The  cold 
body  has  the  greatest  affinity  for  caloric,  and  by  the  continued  absorption 
the  final  heat  of  the  working  parts  of  the  fomace  is  rendered  inferior  to 
that  due  to  the  caloric  generated  in  the  fire-place. 

It  should  distinctly  be  understood  that  the  heat  escaping  up  the  chim- 
ney is  the  motive  power  which  creates  the  draught.  Deprive  the 
ascending  current  of  its  heat,  the  draught  is  destroyed ;  diminish  it  by  a 
portion  only,  and  the  velocity  of  ascent  is  diminished  in  the  same  ratio. 
And  it  should  also  be  remembered  that  a  sharp  draught  and  an  intense 
heat  are  indisp^isable  in  working  to  a  good  yield  of  iron.  The  saving  of 
the  entire  engine  coal,  if  attended  with  a  triflingly  greater  yield  of  iron, 
may  be  productive  of  loss  instead  of  profit.  The  great  difference  in  value 
of  the  two  materials  consumed  requires  to  be  taken  into  consideration. 
The  iron  in  the  forge  and  mills  may  be  estimated  at  the  present  time  as 
worth  61.  per  ton«  The  coal  is  probably  worth  about  6s.  6d.  per  ton.  The 
yield  of  engine  coal  where  firing  under  the  boilers  is  practised  averages  2| 
cwts.  to  the  ton ;  the  saving  of  coal,  theu,  may  amount  to  lOd.  per  ton. 
But  18  lbs.  of  iron  is  of  equal  value  with  the  coal ;  and  if  the  yield  of 
iron  is  only  this  much  more,  there  is  no  real  saving.  In  practice,  how- 
ever, we  find  the  yield  to  be  from  40  to  60  lbs.  in  excess. 


SECTION   XX. 

POWEB  ABSORBED  IN  THE  DIFFERENT  OPERATIONS  OF  IRON  MANUFAGTURINO. 

In  the  course  of  experiments  having  for  their  object  the  economical 

application  of  power  in  iron-works,  we  ascertained  that  the  amoimt  ab- 
sorbed in  the  various  operations  was  nearly  as  follows : 

Smdting  Lecm  Argillaceous  Ores. — For  compressing  the  blast  to  a 
density  of  3  lbs.  on  the  square  inch — 55-horse  power  per  100  tons  of  iron 
smelted  weekly,  or  allowing  for  friction  and  leakage  in  the  engine,  66- 
horse  power.  The  horse  power  being  33,000  lbs.  lifted  one  foot  high  per 
minute. 

SmeUing  Ca/nbonaoeou8  Ores. — ^For  compressing  the  blast  to  a  density 
of  3  lbs.,  22-horBe  power  per  100  tons  smelted  weekly,  equal  to  27-horse 
power,  including  friction  and  unavoidable  loss. 

JRefi/nery. — For  compressing  the  blast  to  a  density  of  2^  lbs.  to  the 
square  inch,  for  refining  forge  iron  in  the  running-in  fire — 13-hor8e  power 
for  every  100  tons  refined  weekly,  equal  to  16-horse  power,  including 
friction  and  waste.  • 

PudMmg  Forge. — ^No.  1.  For  driving  a  puddling  train,lconsisting  of 
a  pair  of  18-inch  finishing  rolls,  a  pair  of  roughing  rolls,  a  double-ended 
squeezer,  and  two  pairs  of  cropping  shears  at  55  revolutions  per  minute, 
rolling  bars  3  inches  by  J  inch,  puddled  from  refined  metal. — Power  ex- 
pended in  keeping  the  trains  and  machinery  in  motion — tl-horse  power. 
Additional  power,  when  in  fall  work,  rolling  and  squeezing  at  the  rate  of 
300  tons  weekly,  representing  the  mean  force  exerted  in  shaping  the  iron 
— 34-horse  power.    Total  power  absorbed — 75-horse. 

No.  2.  For  driving  puddling  train,  with  rolls  and  squeezer  similar  to 
the  above,  but  running  at  82  revolutions  per  minute,  and  rolling  bars  3 
inches  by  f  inch,  from  boiled  pigs.  Power  absorbed  by  the  engine  and 
machinery — ^IT.S-horse  power. — By  the  roll  train  running  light — 28.5- 
horse  power.  Total  power  absorbed  by  engine,  machinery,  rolls,  and 
squeezer  running  light — 16-horse  power.     Additional  power  absorbed 


294  MAKUFACTUBE   OF   IRON. 

when  rolling  and  squeezing  at  the  rate  of  360  tons  weekly^  representing 
the  force  expended  in  shaping  the  iron — 67.5-hor8e.  Total  power  expended 
— 113.5-horse  power. 

Rolling  Mill. — No.  1.  For  driving  rail  train,  consisting  of  a  pair  of  18- 
inch  roughing  rolls,  a  pair  of  finishing  rolls,  and  intermediate  pinions 
worked  by  a  horizontal  high-pressure  engine,  with  cropping  shears,  eight 
straightening  presses,  and  saws  in  connexion, — ^the  speed  of  rolls  being  85 
revolutions  per  minute,  and  rolling  T  rails.  Power  absorbed  in  driving 
engine,  rolls,  and  all  the  machinery  light — ^71-horse  power.  Additional 
power  absorbed  when  rolling — IGS-horse  power.  Total  power  driving  rail 
train,  capable  of  making  600  tons  of  rails  weekly — 239-horse  power. 

No.  2.  For  driving  18-inch  bar  train,  consisting  of  a  pair  of  roughing 
rolls,  a  pair  of  finishing  rolls,  and  cropping  shears.  Power  absorbed  by 
the  engine  and  machinery  for  three  such  trains  when  running  light,  in- 
cluding power  absorbed  in  driving  four  rail  pressesi  and  pair  of  saws — 52- 
horse  power.  Power  absorbed  by  each  train  of  rolls  when  running  light 
— 21-horse  power.  Additional  power  absorbed  by  trains  respectively, 
when  rolling  IJ  inch  bolts — ^29.5-horse  power;  when  rolling  1^  inch 
squares — 29.5-horse  power ;  when  rolling  4-inch  by  1-inch  flats — 102-horse 
power.  Gross  power  consumed  in  driving  the  three  trains  and  machinery 
loaded — 276-horse  power.  Total  power,  including  engine  and  machinery, 
absorbed  by  train  of  bar  rolls  rolling  flats — 149-horse  power. 

No.  3.  For  driving  12-inch  bar  mill,  a  pair  of  roughing  and  a  pur  of 
finishing  rolls,  with  engine  and  machinery,  at  140  revolutions  per  minute, 
light — ^26-horse  power.  "When  rolling  bolts  and  squares  additional — 23- 
horse  power. 

No.  4.  For  driving  12-inch  train,  consisting  of  a  pair  of  roughing  and 
a  pair  of  finishing  rolls,  driven  at  110  revolutions  per  minute  by  independ- 
ent engine,  rolling  flats,  1^  in.  by  f  in. — 32-horse  power. 

No.  5.  For  driving  a  train  of  8-inch  merchant  bar  rolls,  consisting  of 
three  roughing,  three  ovals,  and  a  pair  of  finishing  rolls,  working  at  the 
rate  of  220  revolutions  per  minute.  Power  expended  in  maintaining 
engine  and  machinery  in  motion — ^17-horse  power.  Power  absorbed  in 
running  train,  light — 24-horse  power.  Additional  power  when  rolling  f 
in.  flats — 21-hor8e  power;  when  ^-inch  flats — 14-horse  power.  Gross 
power  expended  when  rolling  J-inch  flats,  55-horse  power. 

No.  6.  For  driving  8-inch  train  similar  to  the  above,  with  separate 
Qigine  and  machinery,  when  rolling  squares  and  bolts — 61-horse  power. 

No.  7.  Power  absorbed  in  driving  a  pair  of  rail  saws,  4  feet  6  inches 
diameter,  820  revolutions  per  minute — 11-horse  power. 
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A  fair  approximation  to  the  power  employed  in  mannfacturing  iron 
may  be  obtained  hj  taking  the  engines  at  the  Dowlais  works,  and  multi- 
plying their  power  by  the  annual  make  of  iron. 

The  power  given  off  by  the  Dowlais  engines  in  1855  was  nearly  as 
follows : 

Hone  Power 

6  Blowing  engines 2154 

10  Foi^  and  mill  engines    .        .      ^ 2166 

2  Engines  tiuming  rolls  and  sharing  iron 86 

4  Pumping  engines  draining  coal  ai^  iron  ore  workings 496 

16  Engines  winding  out  of  pits 1184 

2  Engines  grinding  clay  for  fire4)rick8 76 

14  Incline  and  other  engines .  668 

11  Locomotive  engines  about  the  works 680 

Total  horse  power  .        * 7808 

The  number  of  blast  furnaces  being  eighteen,  this  gives  408-horse 
power  for  each  furnace. 


.• 
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8UNDRT   NX)T£S   ON   IBON-MAKINO. 

The  fibre  observed  in  bar  iron  is  developed  in  the  rolling  mill.  In  the 
fracture  of  a  puddle  ball  when  cold  we  observe  the  iron  in  the  fonn  of 
large  grains,  separated  from  each  other  bj  a  thin  film  of  agglutinating 
matter.  During  the  process  of  shingling  these  are  brought  close  together, 
and  when  the  bloom  leaves  the  hammer  thej  form  a  compact  mass,  about 

5  inches  diameter  hj  16  inches  long.  This  bloom  is  extended  in  length, 
hj  being  repeatedly  passed  through  the  puddling  rolls,  to  a  bar  about  12 
feet  long,  but  is  reduced  in  section  from  20  inches  to  2.2  inches ;  each  par- 
ticle of  iron  is  consequently  elongated  to  nine  times  its  former  length  by 
the  reduction  in  section.  The  fibre  developed  in  the  puddle  iron  is  of 
limited  extent,  and  the  presence  of  much  of  the  original  cinder  is  seen  in 
the  fracture. 

The  puddle  bars  being  cut  into  short  lengths  and  formed  into  a  pile, 
the  pieces  lying  longitudinally,  the  development  of  the  fibre  is  heightened 
by  a  second  rolling.    If  a  pile  6  inches  wide  by  6  inches  high  and  2  feet 

6  inches  in  length  is  made  of  3-inch  by  f-inch  puddle  iron,  and  rolled  into 
a  bar  2  inches  square,  it  will  measure  about  21^  feet  long.  The  section  of 
the  pile,  composed  of  1ft  pieces  of  puddle  iron,  is  reduced  by  rolling  to  a 
bar  of  4  inches  section.  As  each  piece  of  puddle  iron  was  formerly  20 
inches  in  section,  the  square  bar  contains  the  same  number  of  particles  of 
iron  in  each  inch  of  its  section  as  existed  in  80  inches  of  sectional  area  of 
bloom  from  under  the  squeezer  or  hammer.  Hence,  the  fracture  of  the 
bar  produced  from  puddle  iron  is  more  dense,  the  fibres  are  more  strongly 
developed  and  finer,  and  the  presence  of  cinder  is  less  apparent,  from  the 
quantity  expelled  during  the  second  rolling. 

If  square  bars  of  No.  2  iron  are  cut  and  built  into  a  pile  of  similar 
dimensions,  reheated  and  rolled  to  a  bar  of  similar  cross  dimensions,  the 
particles  of  iron  in  each  inch  of  section  will  be  720  times  as  many  as  in 
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the  same  area  of  the  original  bloom.  The  fibres  are  observed  to  be  more 
numerous,  forming  as  it  were,  exceedingly  fine  threads.  The  expulsion  of 
an  additional  quantity  of  cinder  has  left  the  iron  more  pure,  as  is  proved 
by  its  greater  specific  gravity,  and  by  the  multiplication  of  its  fibres ;  its 
tenacity  is  likewise  increased. 

But  the  fibre  thus  obtained  by  the  repeated  rollings  may  be  neutral* 
ized,  or  even  destroyed,  at  any  stage  by  alteration  in  the  mode  of  rolling. 
If  conmion  puddle  iron  is  cut  into  short  pieces,  and  a  pile  built  with  these 
pieces  laid  crossways,  with  only  sufficient  metal  lengthways  at  the  bottom 
to  retain  them  in  their  position  while  being  heated,  and  is  then  rolled  iim> 
a  bar  of  the  same  dimensions  as  in  the  other  case,  the  iron  will  be  utterly 
void  of  fibre,  and  break  with  nearly  the  same  brittleness,  though  offering 
a  greater  resistance  than  cast-iron,  from  which  it  differs  in  appearance 
only  by  its  superior  whiteness  and  the  fineness  of  its  particles.  By  piling 
the  common  No.  2  iron  in  a  similar  manner,  and  rolling  at  right  angles  to 
the  fibre,  a  bar  is  produced  equally  devoid  of  fibre,  possessing  the  same 
brittleness,  but  greater  purity. 

By  constructing  the  pile  with  a  portion  of  iron  laid  in  each  direction, 
the  finished  iron  will  be  fibrous  on  one  side  and  brittle  on  the  other.  If 
the  several  layers  are  thin,  and  cross  each  other,  the  tendency  to  form 
fibre  in  one  is  neutralised  by  the  other,  and  the  extra  process  of  heating 
and  rolling,  though  improving  the  quality,  will  not,  in  this  case,  increase 
the  fibre,  of  the  iron. 

If  the  bloom  from  the  shingler  is  slabbed  down  between  cylindrical 
rolls,  varying  the  direction  of  the  rolling  each  time,  the  slab  produced  is 
devoid  of  fibre,  but  presents  on  fracture  a  scaly  appearance.  If  this  be 
reheated,  and  rolled  into  a  thin  plate  in  the  same  way,  the  iron  is  equally 
void  of  fibre,  but  the  fineness  of  the  scale  is  increased.  This  plate  being 
cut,  piled,  reheated,  and  rolled  in  the  same  manner  into  a  finished  plate, 
is  still  void  of  fibre.  The  thready  appearance  observable  in  bar  iron  is 
wanting,  but  in  its  place  we  have  a  laminated  fracture.  The  original  par* 
tides  of  iron,  which,  in  the  case  of  bars,  are  elongated  in  the  direction  of 
the  length,  arc  now  compressed  into  flat  scales. 

Plates  made  from  piles  of  No.  2  bars,  laid  alternately  along  and  across, 
are  nearly  devoid  of  this  laminated  fracture.  For  its  production  the  bloom 
requires  to  be  rolled  between  cylindrical  rolls  offering  no  opposition  to  the 
extension  of  the  plate  in  any  direction.  K  rolled  fivm  cross-built  piles 
plates  are  nearly  alike  devoid  of  the  fibrous  and  laminated  structure. 
Thus,  we  are  enabled  to  judge  from  the  fracture  of  the  iron  the  manner  in 
which  a  boiler  plate  has  been  manufactured. 
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The  greater  value,  for  numerous  purposes,  of  iron  rolled  from  pfles 
having  ^  portion  of  the  bars  laid  at  a  right  angle  to  the  others,  is  not  gen- 
erally understood  either  hj  the  manufacturer  or  consumer.  Such  iron  is 
harder,  denser,  and  possesses  greater  tensile  strength  than  iron  otherwise 
prepared.  Fibre  is  generally  considered  an  indication  of  strength,  and  in 
the  ordinary  way  of  manufacturing,  the  quantity  of  fibre  developed  does 
determine  the  value  of  the  iron.  For  it  can  only  be  produced  by  repeated 
rollings  and  the  expulsion  of  the  extraneous  matter  combined  with  the 
iron.  But  while  the  presence  of  fibre  is  an  indication  of  superior  quality, 
we  cannot  accept  it  as  a  measure  whereby  to  estimate  the  quality  of  bar 
iron  generally.  Iron  may  be  of  an  excellent  quality  and  yet  possess  no 
fibre.  If  the  fibrous  character  determined  the  strength  of  the  iron,  steel, 
the  purest  form  in  which  iron  exists  in  commerce,  instead  of  being  the 
strongest,  would  rank  as  the  weakest.  Iron  manufactured  from  cross- 
laid  piles  possesses  many  of  the  properties  of  steel.  It  is  hard,  the 
structural  arrangement  of  the  iron,  is  more  dense,  and  the  specific 
gravity  is  superior  to  that  of  iron  rolled  from  piles  built  in  the  ordinary 
way.  The  strength  is  increased  in  the  same,  or  a  greater,  ratio  than 
the  specific  gravity.  Hence,  for  boiler  plates  and  other  purposes,  iron 
manufactured  in  this  manner,  though  devoid  of  either  fibre  or  lamin®, 
possesses  a  greater  tensile  strength,  and  consequently  should  have  the 
preference. 

The  superior  density  of  the  iron  thus  made  is  easily  explained.  In  the 
ordinary  way  of  rolling  the  extension  is  in  one  direction  only ;  the  original 
fibres  are  lengthened  at  each  rolling,  and  no  resistance  is  offered  longi- 
tudinally to  the  degree  of  extension.  In  the  bar  manufactured  from  the 
cross  pile  the  pressure  exerted  by  the  rolls  acts  endways  on  the  portion 
placed  across  the  pile,  compressing  the  iron  to  one-third  of  its  former 
length.  The  density  appears  to  be  greater  than  is  due  only  to  the  pres- 
sure on  the  cross-piled  portion,  and  is  probably  the  effect  of  the  intei> 
lacing  of  the  fibres  in  the  bar  when  at  the  half-finished  stage.  The  diffe^ 
ence  in  the  ir6n  produced  from  ordinary  piles  and  that  produced  from 
cross  piles  is  very  similar  to  the  difference  observed  in  iron  drawn  out  by 
a  continuous  hammering  in  one  direction  and  that  produced  by  alternate 
extension  and  compression  by  turning  the  end.  To  produce  a  dense  solid 
iron  the  upsetting  is  absolutely  necessary. 

In  the  puddling  forge  the  good  effect  of  the  upsetting  on  the  bloom  is 
fully  acknowledged.  If  the  quality  of  the  iron  is  thus  early  improved  by 
pressure  in  this  direction,  it  is  very  evident  that  a  repetition  of  the  up- 
setting process  at  each  subsequent  rolling  will  result  in  a  corresponding 
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improvement.  The  upsetting  in  the  mills,  however,  is  best  performed,  as 
we  have  shown,  by  so  disposing  the  greater  portion  of  the  iron  that  it  maj 
be  thus  acted  on  by  the  rolls. 

Fibre  is  produced  by  rolling  or  hammering  the  iron  when  hot,  and  by 
no  other  means.  But  the  fibrous  character  of  malleable  iron  may  be 
destroyed  while  hot  by  altering  the  direction  of  elongation,  and  while  cold 
by  hammering,  concussion,  and  vibration. 

IMPEOVINO  THE  QITALnT  OF  CAST  AND  MALLEABLE  IRON. 

Yarious  modes  of  improving  the  quality  of  bar  iron,  by  the  addition  of 
various  metals  or  oxides  at  one  or  other  of  the  stages  of  its  manufacture, 
have  been  devised.  In  all  propositions,  however,  for  the  improvement 
of  malleable  iron  by  the  incorporation  therewith  of  foreign  ingredients,  it 
should  be  borne  in  mind  that  while  it  is  possible  thus  to  improve  a  single 
characteristic,  the  inevitable  result  is  to  lower  the  general  quality  of  the 
iron  so  treated.  In  seeking  to  improve  the  general  quality  it  should  be 
distinctly  understood  that  a  bond  fide  improvement  can  result  only  from 
the  abstraction  of  an  injurious  alloy ;  or  the  substitution  of  a  less  for  a 
more  injurious  mixture;  or  from  the  addition  of  .metal  of  a  quality 
superior  to  that  of  the  iron  under  treatment.  But  under  no  circumstances 
whatever  can  the  mere  addition  of  substances  or  metal,  of  inferior  qual* 
ities,  improve  the  general  qualities  of  the  iron,  which  are  heightened  and 
developed  with  every  degree  of  refinement,  and  debased  with  every  adid- 
teration. 

The  list  of  substances  capable  of  being  mingled  or  alloyed  with  iron 
is  large,  but  their  employment  as  a  means  of  improving  the  general  quality 
is  invariably  attended  with  contrary  effects.  The  presence  of  carbon,  by 
lowering  the  temperature  of  fusion,  increases  the  fluidity  of  cast  metal ; 
but  the  qualities  of  hardness  and  tenacity  are  reduced  in  nearly  the 
same  ratio.  Silicon,  in  quality,  seems  to  impart  additional  hardness,  but 
is  attended  with  an  equally  great  deficiency  of  tenacity,  and  materially 
impairs  the  ability  of  the  metal  to  withstand  crushing  and  abrading 
forces. 

The  tenacity  of  cast-iron  of  a  low  specific  gravity,  and  consequent  in- 
ferior quality,  may  be  improved  by  remelting  and  incorporating  in  it 
wrought-iron  scraps  of  a  superior  tenacity.  But  the  improvement  in 
quality  by  this  treatment  nearly  disappears  when  the  cast-iron  is  of  a  high 
specific  gravity.  And  of  the  improvement  occurring  to  irons  of  low 
quality,  debased  by  the  presence  of  an  excess  of  carbon,  by  far  the  largest 
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portion  is  due  to  the  increase  of  density  and  consequent  greater  purity 
which  follows  on  the  partial  oxidation  of  the  volume  of  carbon  during  the 
operation. 

The  superior  strength  of  air-furnace  castings  is  generally  acknowledged 
by  iron  founders ;  but  the  common  explanation  of  its  being  due  to  a  greater 
homogeneity,  consequent  on  the  remelting  of  the  crude  iron,  is  we  consider 
altogether  erroneous,  and  has  arisen  from  a  deficiency  of  experimental  re- 
searches  on  the  subject.  We  have  found  that  the  simple  operation  of  remelt- 
ing invariably  increases  the  density  and  tenacity  of  crude  irons  of  grey 
quality,  the  improvement  being  greatest  with  those  containing  the  largest 
volume  of  carbon ;  and  that  a  second  remelting  results  in  a  further  increase 
of  these  qualities,  which  continue  to  augment  with  successive  remeltings 
until  the  iron  has  attained  a  high  degree  of  refinement  and  increased  its 
tensile  strength  by  fully  one-half.  The  number  of  remeltings  necessary  to 
the  development  of  the  tensile  powers  of  the  metal,  varies  with,  and  is 
directly  proportionate  to  the  volume  of  carbon  to  be  liberated,  but  may 
be  largely  reduced  by  prolonging  the  period  during  which  the  molten  iron 
is  exposed  to  the  decarburizing  influence  of  the  reverberated  gases.  With 
white  irons  from  blast  fdmaces  consuming  a  minimum  quantity  of  fuel, 
the  improvement  is  not  so  marked.  Containing  a  lesser  volume  of  carbon, 
with  a  greater  quantity  of  metalloids  more  difficult  of  oxidation,  the  act 
of  remelting  is  attended  with  a  larger  waste  of  metal  in  proportion  to  the 
volume  of  impurity  removed.  Since,  therefore,  the  maximum  tenacity  is 
not  attained  with  a  single  remelting,  and  microscopic  examination  fails  to 
detect  any  irregularity  in  the  structural  arrangement  of  the  blast-ftimace 
iron,  we  conclude  that  the  superiority  of  air-famace  castings  is  principally 
due  to  the  greater  purity  of  the  metal,  which  necessarily  results  from  re- 
melting. 

But  while  maximum  tenacity  is  attained  only  by  remelting  and  me- 
chanical subsidation,  the  operation  results  in  a  corresponding  deprivation 
of  fluidity,  and  the  iron  so  treated,  after  the  third  or  fourth  fusion,  is  not 
adapted  for  small  castings,  or  the  flUing  of  sharp  angles  in  larger  ones. 
And  with  a  succession  of  remeltings,  all  cast- irons,  especially  the  hot  blast 
varieties,  and  such  as  have  been  produced  from  a  burden  composed  wholly 
or  partly  of  hematite,  are  subject  to  unequal  contraction  in  cooling,  sink- 
ings on  the  surface,  and,  where  the  pieces  are  angular  and  of  large  dimen- 
sions, they  are  rarely  solid  throughout. 

Iron  possesses  the  greatest  density  and  tenacity  when  pure ;  the  pres- 
ence of  any  other  metal  or  matter  in  mixture  or  alloy  reduces  its  density, 
and  diminishes  in  a  more  rapid  ratio  its  tensile  strength.    The  crude  iron 
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of  commerce  ordinarily  contains  abont  80  per  cent,  by  volnme  of  metallic 
iron,  and  20  per  cent,  of  imparity  uniformly  specifically  lighter  than  pnre 
iron,  and  possesses  a  yery  low  degree  of  tensile  strength.  The  extent  to 
which  this  property  is  deteriorated  by  the  character  and  Tolnme  of  the 
alloy,  is  a  subject  of  paramount  importance  to  the  manufacturer  and  con- 
sumer of  iron,  but  one  on  which  hitherto,  owing  to  its  costliness  and  the 
extreme  delicacy  of  manipulation  demanded  in  the  inquiry,  no  adequate 
experiments  have  been  made.  By  a  limited  series,  we  ascertained  that  the 
tenacity  in  the  various  stages  of  manufacture  was  nearly  in  the  ratio  of  the 
tenth  power  of  its  specific  gravity ;  and  that  the  final  resistance  offered  by 
the  iron  when  converted  into  blister  steel  and  severely  hammered  to  a 
specific  gravity  of  7.92,  the  tensile  strength  averaged  84,000  lbs.  to  the 
square  inch.  The  dependence  on,  and  direct  connexion  of  the  tenacity  and 
general  good  qualities  with  the  specific  gravity  is  not  generally  admitted, 
though  in  the  practical  operations  of  the  manufacturer  its  existence  is 
everywhere  manifest.  The  production  of  a  superior  iron  possessing  great 
tenacity  but  of  a  low  density  is  impracticable:  inferior  density  is  in- 
variably accompanied  by  weakness.  But  while  there  is  this  insepi^ 
rable  connexion  between  superior  tenacity  and  a  high  density,  tlirough 
design  or  inattention  the  quality  may  be  impaired  without  sensibly  al* 
teriug  the  density.  And  whilst  this  mode  of  estimation  correctly  deter- 
mines the  development  of  tenacity,  we  would  remark  that  the  results 
obtained  with  one  kind  of  iron  are  not  applicable  by  comparison  to 
another  kind. 


THE  niFFEKENCB  GONSTrrunNO  OAST  AND  WBOUOHT-IBON,  AND  THE  WELDmO 

PBOPEBTY  OF  METALS. 

Cast-iron,  it  is  generally  supposed,  differs  from  malleable  iron  in  the 
difference  in  the  degree  of  purity ;  the  greater  volume  constituting  cast* 
iron,  the  lesser  volume  malleable  iron ;  and  a  further  diminution  resulting 
in  the  production  of  steel.  But  while  the  purifying  effect  of  the  processes 
of  converting  cast  to  malleable  iron,  and  the  necessarily  greater  purity  of 
the  latter  must  freely  be  admitted,  there  are  reasons  for  believing  that 
malleability  is  not  produced  by,  or  dependent  on,  a  given  degree  of  purity, 
but  results  from  the  action  of  mechanical  agency  on  the  mass  under  opera- 
tion, whilst  at  a  certain  temperature  and  possessing  an  agglutinating 
character.  Crude  iron  may  be  refined  by  fusion  and  subsidation,  yet  re- 
tain all  the  essentials  of  cast  metal,  and  be  utteily  devoid  of  malleability. 
Large  quantities  of  malleable  iron  are  being  made  containing  a  greater 
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per-centage  of  foreign  matter  than  crude  iron  of  other  makes ;  the  oon- 
version  of  this  latter,  however,  into  malleable  iron,  though  possessing  a 
minimum  volume  of  impurity,  can  only  be  accomplished  by  the  depriva- 
tion of  a  portion  of  the  admixture  resulting  in  the  production  of  an  iron 
of  greater  purity  than  the  former.  From  this  we  conclude  that  the  greater 
purity  of  malleable  iron  from  a  given  source,  compared  with  that  of  the 
crude  iron,  accompanies,  rather  than  is  the  cause  of  the  malleability, 
which  arises  from  the  manipulation  to  which  it  is  subjected  during  manu- 
facture. 

All  metals  are  malleable  to  a  greater  or  less  extent,  but  the  d^ree  of 
extensibility  as  well  as  the  temperature  at  which  it  may  be  effected  is  not 
alike,  and  in  the  same  metal  varies  with  the  degree  and  character  of  the 
alloy.  Cast-iron  though  usually  considered  a  brittle  substance  possesses 
extensibility,  when  its  reduction  of  temperature  from  the  liquid  state  has 
by  prolongation  been  imperceptibly  lowered ;  but  if  the  temperature  has 
been  suddenly  brought  down  by  contact  with  cold  metal  or  any  other 
ready  conductor,  it  is  incapable  of  extension.  Where  the  mass  is  large, 
the  central  portion,  losing  its  caloric  at  a  slower  rate,  will  often  be  found 
to  a  degree  malleable,  while  the  outside  is  deficient  of  this  property. 
And  in  the  case  of  horizontal  castings  of  considerable  thickness,  it  is  ob- 
served that  the  surface  possesses  a  malleability  of  which  the  lower  portion 
is  wholly  destitute.  Difference  in  composition  cannot  account  for  this 
loss  of  malleability ;  for  we  have  no  evidence  of  the  mere  circumstance  of 
losing  its  caloric  more  rapidly  causing  an  alteration  in  the  relative  pro- 
portions of  the  mass,  though  it  may  affect  the  character  of  the  mixture. 
But  annealed  iron  possesses  the  malleable  property  only  within  a  limited 
range  of  temperature ;  heated  to  about  400  degs.  it  disappears,  and  does 
not  again  reappear  below  the  fusing  heat. 

In  this  respect  we  see  a  complete  difference  in  the  character  of  the  mal- 
leability in  crude  and  finished  iron ;  for  while  in  tlie  former  the  property 
is  diminished  and  ultimately  destroyed  with  the  infusion  of  caloric,  in  the 
latter  it  is  augmented,  and  attains  a  maximum  development  after  absorb- 
ing a  sufiSciency  to  reduce  cast-iron  to  the  liquid  form. 

The  malleability  of  wrought-iron  is  developed  only  by  dexterous 
manipulation,  while  crude  iron  possesses  a  degree  of  plasticity  in  its  semi- 
liquid  state,  and  unless  immediately  subjected  to  the  action  of  the  rolls  or 
hammer,  reverts  to  its  normal  condition  of  brittleness.  By  the  rapid  ap- 
plication of  a  varied  pressure  on  the  mass  while  it  is  in  the  plastic  con- 
dition, the  agglutination  of  the  atoms  of  iron  is  effected,  and  during  the 
subsequent  elongation  of  the  mass  by  pressure,  they  are  extended  longi- 
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tndiiiaUj,  until  through  loss  of  heat  the  ductility  of  the  mixture  is  de- 
stroyed and  their  continuity  broken.  Crude  cast-iron  is  incapable  of  ex* 
tension  by  the  mere  infusion  of  caloric ;  the  atoms  of  iron  roll  on  each 
other,  and  the  foreign  matter  or  cinder  is  deficient  of  the  agglutinous  char- 
acter necessary  to  the  development  of  the  malleable  property.  After 
being  subjected  to  an  operation  whereby  the  atoms  are  agglutinated  and 
extended,  the  mass,  by  the  aid  of  heat,  may  be  extended  indefinitely ;  but 
below  a  certain  temperature,  the  brittleness  of  the  mixed  material  limits 
the  range  of  extension.  The  metallic  iron  possesses  superior  absorbent  and 
retentive  powers  during  the  process,  and  its  ductility  is  comparatively  un-> 
impaired  by  the  loss  of  heat;  the  cinder,  on  the  other  hand,  possesses 
inferior  powers,  and  with  the  escape  of  caloric  loses  its  plasticity,  becomes 
excessively  hard  and  brittle,  and  if  the  extension  of  the  iron  by  lateral 
pressure  be  continued,  the  compression  of  the  atoms  of  cinder  into  the 
softened  iron  destroys  its  tenacity,  and  renders  it  either  of  a  red  or  cold- 
short quality,  according  to  the  volume  of  extraneous  substances  and  tem* 
perature  of  solidification. 

Wrought-iron  is  distinguished  from  other  metals  by  the  facility  with 
which  two  or  more  pieces  may  be  united  together  and  retain  unim* 
paired  their  tenacity.  The  property  of  welding  on  the  addition  of  heat 
belongs  to  all  metals,  whether  cast  or  malleable,  but  is  most  apparent  in 
iron.  It  is  produced  by  the  infusion  of  caloric  until  the  iron  and  metalloids 
of  the  entire  mass  are  softened,  and  the  surfaces  to  be  united,  reduced  to  a 
semi-liquid  state.  The  comparatively  large  quantity  required  to  liquefy 
wrougbt-iron,  enables  the  softening  and  partial  fusion  to  be  successfully 
conducted.  Cast-iron  and  other  uletals  may  be  united  by  fusion,  but 
during  the  accession  of  caloric,  owing  to  the  lesser  quantity  required  and 
the  inferior  melting  temperature,  only  a  momentary  period  elapses  between 
the  softening  and  complete  liquefaction  of  the  entire  mass  treated,  and  the 
rapidity  also  with  which  it  escapes,  does  not  permit  of  the  manipulation 
necessary  to  the  effectual  consolidation  of  the  pieces.  In  the  cast  of  cast* 
iron,  the  difficulty  is  increased  by  the  large  volume  of  matters  in  alloy : 
melting  at  various  temperature!^,  the  mass  is  not  equally  and  simultar 
neously  heated ;  brought  in  contact  with  each  other,  the  union  of  the  pieces 
is  obstructed  by  the  different  conditions  of  temperature  presented  by  the 
respective  constituents. 

The  interposition  of  foreign  matter  by  impairing  the  agglutinous  char- 
acter of  the  mass  prevents  the  complete  union  of  the  pieces.  The  fumes 
of  metals  oxidizable  at  an  inferior  temperature  also  interfere  with  the 
union ;  if  present  in  sufficient  quantity,  they  alter  the  character  of  the  iron 
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from  its  usual  tenacity  and  ductility  to  the  opposite  extremes,  and  destroy 
the  welding  property.  Compound  metals  having  an  ingredient  which 
sublimes  at  a  temperature  lower  than  the  fusing  point  of  the  most  refrac- 
tory, cannot  be  united  by  welding ;  the  vapours  of  the  inferior  metal  inter* 
pose  and  prevent  the  agglutination  of  the  atoms. 

I 

MANU7A0TUBE  OF  WBOUGHT-IBON  DmECT  FBOH  THE  OBE. 

The  production  of  wroaght-iron  direct  from  the  ore — the  original  mode 
of  manufacturing — ^has  engaged  the  attention  of  numerous  practical  and 
scientific  men,  and  is  practised  to  a  limited  extent  abroad ;  but  the  at- 
tempts made  to  reinstate  it  in  this  country  have  hitherto  been,  com- 
mercially speaking,  unsuccessfdl ;  and  though  the  ores  and  friels  we  ;>068e8s 
are  unquestionably  superior  to  the  foreign  for  this  purpose,  fusion  in  the 
blast  furnace,  and  conversion  into  malleable  iron  by  the  puddling  process, 
is  pursued  with  all  the  bar  iron  now  manufactured. 

The  conversion  direct  into  malleable  iron  dispenses  with  the  blast  for- 
nace  and  appendages,  and  the  intermediate  processes  of  refining  and  pud- 
dling, and  if  successful  should  result  in  the  production  of  a  finished  bar 
of  superior  quality,  with  a  smaller  consumption  of  ore,  at  a  proportion- 
ately lower  cost.  In  all  experiments  on  converting  on  this  plan,  the  bar 
is  of  inferior  quality,  the  consumption  of  ore  larger,  and  the  cost  of  pro- 
duction augmented  over  that  attending  the  manufacture  by  blast  furnaces 
and  refineries.  The  causes  tending  to  produce  this  difference  between  the 
results  of  theory  and  practice  are  numerous,  but  will  receive  from  us  only 
,a  brief  notice. 

The  ore  to  be  converted  is  ground  to  a  coarse  powder,  and  in  mixture 
with  a  quantity  of  carbonaceous  matter  similarly  divided,  is  charged  into 
a  reverberatory  furnace  not  unlike  the  ordinary  puddling  furnace.  The 
draught  is  forced  to  the  production  of  a  high  temperature,  reducing  the 
ore  to  a  semi-liquid  state,  when  by  dexterous  manipulation  on  the  part  of 
the  operative,  metallic  iron  is  separated  from  the  extraneous  matter,  balled 
up,  and  shingled  as  in  the  usual  manner.  The  theory  of  this  operation  is 
simple.  The  carbon  of  the  carbonaceous  matter  is  consumed  by  uniting 
with  the  oxygen  of  the  ore,  and  the  metal  is  left  free  to  agglutinate  into 
a  mass.  The  Beaufort  black  band  was  thus  converted  into  malleable  iron, 
though  after  a  few  experimental  trials  the  operation  was  discontinued. 
The  principal  objection  to  its  extensive  adoption,  seems  to  lie  in  the  diffi- 
culty of  effecting  a  complete  separation  of  the  extraneous  metalloids  of  the 
ore.    In  the  blast  fdmace  it  is  accomplished  by  mechanical  subsidation 
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in  the  hearth,  and  the  extraction  of  the  metallic  iron  from  the  low  level ; 
in  the  direct  mode  of  manufacturing  it  is  effected  to  a  certain  degree  by 
severe  manual  labour,  which  being  skilled,  commands  a  comparatively 
high  price,  and  materially  enhances  the  expenses  incident  to  the  process. 

The  prolonged  exposure  of  the  metaUic  iron  to  the  oxidizing  influence 
of  the  flame  and  gases  during  the  process  of  separation  from  the  alloyed 
matters,  results  in  a  considerable  waste  of  metal,  and  accounts  for  the 
comparatively  inferior  yields. 

To  obviate  this  loss,  and  to  economise  the  fuel  and  labour  demanded, 
the  ground  ore  and  carbonaceous  matter  have  been  subjected  to  the  ne- 
cessary heat  in  a  closed  supplementary  chamber,  whereby  the  combustion 
of  the  carbon  is  slowly  carried  on  at  the  expense  of  the  oxygen  of  the  ore, 
but  at  a  suflBiciently  low  temperature  to  avoid  oxidizing  the  mass.  From 
this  chamber  it  is  drawn  as  required  into  the  furnace,  balled  up  and  shin- 
gled, the  deoxidized  ore  agglutinating  without  undergoing  the  puddling 
process,  which  being  essentially  a  decarburizing  process  is  unnecessary 
with  the  minimum  volume  of  carbon  consumed  in  the  deoxidation  of  the 
ore  in  the  close  chamber. 

Ground  carbonaceous  ore  may  be  substituted  for  the  carbonaceous 
matter,  and  mixed  in  the  necessary  proportions  with  the  same  ore  calcined, 
or  with  raw  hematite,  the  deoxidation  can  be  effected  without  the  usual 
ground  coal,  at  a  corresponding  reduction  in  the  expense.  In  this  respect 
the  possession  of  ores  of  such  varied  character  gives  the  ironmasters  of 
this  country  an  important  advantage  over  their  foreign  compeers,  and, 
should  this  mode  of  manufacture  at  some  future  day  become  more  profit- 
able than  at  present,  would  enable  them  to  maintain  their  supremacy  in 
the  trade.  The  rich  carbonaceous  ores  of  Scotland  or  "Wales,  mixed  with 
the  hematites  of  Lancashire  or  West  Cumberland,  or  other  similar  ores, 
reduced  in  suitably  constructed  furnaces  may  be  converted  into  malleable 
iron  at  costs  considerably  under  those  incurred  with  the  blast  furnace  and 
subsequent  decarburizing  system. 

With  existing  modes  of  operation,  the  advantages  of  direct  conversion 
are  principally  confined  to  the  comparatively  small  capital  required  to 
establish  the  manufacture,  which  may  be  on  the  smallest  scale,  yet  to  a 
corresponding  extent  profitable.  Hence,  it  is  especially  applicable  to  new 
districts,  requiring  an  immediate  small  supply,  and  to  countries  deficient 
in  the  capital  necessary  for  carrying  on  operations  on  a  large  scale  with 
blast  furnaces,  and  attendant  refining  and  puddling  furnaces.  To  establish 
on  a  sound  basis  works  consisting  of  blast  furnaces,  refineries,  puddling 
forges,  and  rolling  mills,  a  capital  of  at  least  20,0002.  per  blast  furnace, 
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where  there  are  four,  is  required ;  with  a  fewer  number  more.  In  the 
direct  mode  wrought-iron  in  proportionately  smaller  quantity  may  be 
manufactured,  with  a  capital  of  only  one-twentieth,  or  one-thirtieth  of  this 
sum.  In  this  respect,  therefore,  is  it  more  advantageous,  and  may  conse- 
quently under  certain  circumstances  merit  the  preference  over  the  estab- 
lished system. 
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